







































































































































































































































































174 STRATIGRAPHY

Stanley was taken (Taff, J. A., Atoka Folio, U. S. G. S,, Folio No.
/9, 1902, Page 4) and for comparison and convenience of refer-
cnce this may well be appended as follows:

Stanley shale: *This formation follows the Talihina chert in gradual
‘ransition. Siliceous chert, black shale, and greenish clay shales occur in al-
ternate members for nearly 800 feet above the base. There are two cherty
members, 30 and 40 feet in thickness, which were noted in sec. 7, T. 2 S, R.
12 E., 550 and 800 feet, respectively, above the base of the formation. These
cherty strata resemble many of the thin and more shaly cherts found in the
Talihina formation. Continuing upward in the section, there are greenish
and dark shales alternating with drab or brown and moderately hard sand-
stones unti' the formation reaches an estimated thickness of 6,000 feet Dis-
tinct sandstone members range in thickness from 20 to 100 feet and are sep-
arated by shales or shales interstratified with sandy beds 140 to 2,000 feet
in thickness. The best section of the formation in this quadrangle was noted
across secs. 7, 8, and 9, T. 2 §.,, R. 12 E.

The sandstones are so soft that they produce little more effect upon the
surface configuration than do the clay shales in which they are embedded.
The whole formation invariably crops in nearly level plains or valleys and in
such steep siopes at the borders of these valleys as are protected by the
harder overlying formation.

The Stanley is found in the wide valley plain extending ffom the north-
east corner of the quadrangle down Chicwasaw Creek and across North Boggy
and Muddy Boggy valleys to the broad plain of the Trinity sand south of Ato-
ka. 1t also extends eastward up Chickasaw and Little Chickasaw creeks, join-
ing the broader plains and valleys of McGee and Jackfork creeks and Kiam-
ichi River in the central part of the Quachita Range in Indian Territory. The
formation takes its name from the village of Stanley, in the Kiamichi Valley,
where it is extensively exposed.

PALEONTOLOGY

Organic remains in the Sanley shale are indeed scarce. Why
there should be so few in all this 6,000 feet or more of sediments is
surely not because there was no life nor does it seem that the dyna-
mic forces operative in this region should have destroyed all traces
of its existence. A few fossils have, however, been found, and the
writer believes that continued search will reveal more.

A collection of plants including some ferns was made from the
upper Stanley in Arkansas a number of years ago (as referred to by
Miser, U. S. Gzol. Survey, Bull. 660-C, p. 66). The Beech Creek
locality, sec. 22, T. 1 N, R. 26 E., Oklahoma, as indicated in the de-
scription above, has yielded fragments of plants including fern pin-
ules and some seeds in several horizons. The Jackfork sandstone
above is at times quite replete with bits of wood and leaves. The

*The authorized spelling of Standley is now Stanley.

PLATE LVIL

A. A SCENE ON TOP OF BOKTUKOLA MOUNTAIN, LOOKING SOUTH 300
1 ACES SOUTH OF THE N. % COR., SEC, 20, T. 1 8, R. 25 K, SHOWING
JACKFORK SANDSTONE LEDGES AND CHARACTERISTIC
GRASS AND TREES.

— 5 RET TSR3
S R

. A VIEW OF BLUE BOUNCER MOUNTAIN LOOKING EAST-NORTHEAST

B FROM THE W. % COR,, SEC. 10, T, 1 N, R. 26 B,

The entire Mountain mass is composed of heavy ledges of Jackfork sand-

stone, some of the individual beds being 6 to 10 feet thick. The timber is
practically all serubby post oak.
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writer has found great numbers of them all thrvou h the mountains
from Atoka to Arkansas in the Jackfork, but thgy are always so
poorly preserved that little use can be made of them.

Somewhere in the Stanley (exact locality not known) two
plants were discovered, Nos. 977 and 882, both poorly preserved.

At a point 450 paces east of the W. 4 cor. sec. 33, T. 4 S.
R. 21 E., on the west bank of Little River near the middle of thé
Stanley close to the cone-in-cone horizon, were found two plants
(numbers 941 and 942). In this same place on Little River in a
tough, coarse sandstone layer three inches thick, and in the same
outcrop, but not the same horizon, with the plants the writer found
also a small marine fauna—so far as known the first animals ever
found in the Stanley. These consisted of bryozoa and brachiopods
and great numbers of crinoid stems for the most part, collectively
numbered as specimens 943 and 944. ’

Near the bottom of the Stanley (within about 25 feet of the
bottom) in the exact center of sec. 27, T. 2. S, R. 24 E. were found
a few specimens of an inarticulate brachiopod No. 1015, and the
same horizon was located also 4 miles to the east at a ;;oint 275
paces (2,000 paces per mile) south of the center of sec. 29, T. 2 S.
R. 25 E., where three or four more specimens of the same brachi-

opod were found. (No. 1016). These occur in a hard, pinkish-
white, fine-grained sandstone.

The fossil plants, poor though the materials are, were all sent
to Mr. David White of thae U. S. Geological Survey for identifica-
tion and interpretation; the fossil shzlls and other animals were sub-
mitted to Dr. Charles Schuchert of Yale University who in turn
showed them to Dr. Ulrich of the U. S. Geological Survey. Mr
]\gv‘s;te reports on the plants from the Beech Creek locality as fol-

Most of the specimens contain mere fragments of stem or tissue unde-
terminable and of no value. A few definite forms are present and these ap-
parently are new. At least, they are unfamiliar to me except in so far as 1

have seen them in the Stanley shale from other localities as, for example
near Tuskahoma. 7

The aspect of the material is pre-Pennsylvanian and this opportunity to

review. :{dditionnl Stan'ey fossil plants from a new loculity only- strengthens
my opinion that the beds are Mississippian and probably Chester in age.

Whiteosfa;/}s]:e scatterad specimens of plants collected elsewhere Mr.

No. 941 is a specimen representing a portion of a Lepidodendron trunk.

Itb’is however, partially decorticated and therefore is not specifically determin-
able.

No. 942 is a wholly decorticated Lepidodendroid stem, in which the
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nerve traces are very obscurely indicated. It may be either Lepidodendron
or, more likely, Bothrodendron.

No. 977. This number is given to two Calamarion fragments, each of
which contains a complete internode. The rock has been so crushed and
the stem fragments so deformed that it is impossible to say with confidence
whether either of the stems belong to Astrocalamites. Both might belong to
Calamites. .

No. 882 is a fragment of a fern frond, bearing slender pinnae of some
Sphenopteris. The fragment is so weathered as to show only the topography
and dim outlines of the pinnules, the nervation and borders of which cannot
be clearly discerned.

These specimens, 1 am sorry to say, are none of them specifically de-
terminable. Therefore, any conclusion as to the age of the beds must rest
on inferences based upon the general aspect or facies of the decorticated or
badly worn and deformed fragments.

The phyliotaxy of the Lepidodendron indicates a relatively anclent Cor-
boniferous type. One of the Calamarian fragments is more suggestive of
Asterocalamites than Calamites. The Sphenopteris may belong to a group
found in the upper part of the Mississippian and in the very old Pennsylvan-
ian.

The collection does not contain anything specifically identifiable with
any form characteristic either of Mississippian or Pennsylvanian. It appears,
however, to harmonize with other material coliected by Urich, Miser, and my-
self from the Stanley or Jackfork of Oklahoma and western Arkansas, none
of which is really satisfactory, since all the fossils are very fragmentary and
have generally been rubbed or deformed in the course of deposition in gritty
rock. After examining your specimens the tentative conclusion that the Stan-
ley represents either very late Mississippian, ‘possibly upper Chester, or Penn-
sylvanian of earlier date than 1 am acquainted with in the Appalachian trough,
is slightly stronger.

With regard to the small marine fauna found on the banks of
Little River (specimens 943 and 944) and the inarticuate brachio-
pods from the base of the Stanley (specimens 1015 and 1016) Pro-
fessor Schuchert writes as follows:

It seems to me fairly certain that these specimens cannot be other than
Mississippian or Pennsylvanian. As you got an undoubted Lepidodendron
even beneath lots 943 and 944 and as the specimen appears to me like a Penn-
sylvanian form, it seems that the whole of the Stanley and Jackfork may be
Pennsylvanian in age rather than Mississippian. The marine fossis do not in-
dicate anything to the contrary. Your marine fossils are as follows:

Orbiculoidea nitida Phillips. Loc. 1015 and 1016.

1 cannot distinguish the specimens from Coal Measures forms.

Crinoid columnals. Loc. 943 and 944. Common. At least two
species.
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Cystodictya, sp. undet. Loc. 943 and 944.

Rhombopora, sp. undet. .Loc. 944

Fenestella, sp. undet. Loc. 944

Bryozoa. Undet. Common Loc. 944.

Productus suggesting Pustula nebraskensis, Loc. 943 and 944
Chonetes, sp. undet. Loc. 943,

Very fragmentary. Finely striate form.

Fish bone. Loc. 943,

Dr. Ulrich reports as follows:

Fran.kly speaking, these Stanley remains are certainly a poor lot— not
flt all. noisy in imparting information. Only the Orbiculoidea nitida, which
identification seems as good as can be made ~with the material, is in su,ff' i ct
ly good condition to warrant a definite opinion. I e

'The finely pustulated fragments of brachiopods I believe to belong to a
species of Chonetes. As all the fragments expose the inner surface cng the
v-nlves l deduce that the exterior is distinctly striated. But whether it is most
hke.Mlssissippian or Pennsylvanian types one can hardly say. Still as t'hle
straiated Mississippian species of Chonetes are practically confined to beds
older than the Warsaw and as it is almost too much to concede that the Stan-
ley can be Lower Mississippian, then these fragments may be said to point
toward the Pennsylvanian rather than Mississippian. P

The Bryozoa also are too imperfect for satisfactory determination. And
yet t.hey are not quite hopeless. There is a fragment of Fenestella. Th.is says
?othmg. Th'en there are a couple of branching specimens concerning which

cannot decide whether they should be called Rhombopora or Batost il
These also throw no light on the question. o Toment

But the fragments of C i
. ystddictya suggest Chester and L
vania species rather than older species of the genus. ower Fennsyl
Fmally. there are two fragments that seem to belong to Prismopora, a
genus ranging from Mid. Devonian to Pennsylvanian. Because of their sm':zll-

ness these Stanley specimens su i
. ggest P. minuta i !
vania species in Illinois. vt & Middle fo Opper Pennsyi

eitheThe invertebrate part of the evidence by itself would not be conclusive
o Ax;“:vsaii';.Th.e tre(ndthof the evidence is toward the Pennsylvanian rather than
ippian (either early or late). Again there i ing in
. : . . is nothing in the col-
lsetitnlon th.at may be )ustl?' cited as definitely opposed to correlation of the
n‘.‘ey \Ylfh l’(’)wer. Pottsville or basal Morrow, which conclusion I reached in
my “Revision” mainly on physical and diastrophic considerations.
e ;he fossils f)b§erved by me in the Jackfork seemed decidedly corrobora-
fr : my convictions respecting the post Chester age of the Stanley. So
ar as | can see your new evidence leaves the problem just about where I left

it in 1911—that is, with the i
: s probabilities favorin i
to ‘the earlier Pennsylvanian. § fssignment of the Stanley
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MICROSCOPIC PETROGRAPHY
GENERAL STATEMENT

During the progress of the work of mapping the area, several
hundred hand specimens of rock were collected from the Stanley.
These were taken from all parts of the area of outcrop and were
selected to reprasent every type and phase of sandstone, shale, cher?,
or other rock occurring in the series. A large number of the specl-
mens, about 75 in all, came from the tuff bed near the bottom of
the formation, which itsz1f yielded a great variety of material, but
most of the specimens are quartzites, fine grained, pepper-salt (feld-
spathic) sandstones, black cherts, dark clay shales, and shaly sand-
stones from beds higher in the serizs. Many of these are ripple
marked and cross-bedded, and all are more or less metamorphosed.

On account of the disturbance wrought by the forces of de-
formation which folded and faulted the region the rock specimens
could not be arranged in stratigraphic sequence excepting in a very
general way. A microscopic study of some of them, in order to de-
termine the mineralogy, structure, and source, if possible of the sedi-
ments, however, seemed highly worth while.  Accordingly about
125 thin sections of the mostinteresting and feast weathered of these
have been prepared of which 52 are from the tuff bed near the base
of the Stanley; 40 are sandstones and quartzites of one kind and
another and the remainder, shales, cherts, etc. chiefly from the mid-
dle and upper portions of the formation.

It is impossible to include here 2 complete description of all
these thin sections and rock specimens. A few of them will be taken
up in detail but in the main composite descriptions will have to suf-
fice. .
TUFFS NEAR THE BASE OF THE STANLEY

In general it may be said of the tuffs occurring near the base
of the Stanley that practically all of tais material, when examined
in planz polarized light microscopically may be seen plainly to be
made up wholly or partially of angular fragments which are bounded
by broadly curved, concave or COnvex lines meeting in sharp points,
characteristic of volcanic ash fragments and known as “bogen struc-
ture.” The majority of the fragments have becomz devitrified and
between crossed nicols these lose their identity in an aggregate of
quartz, feldspar, sericite and other minerals, which mask the bogen
structure.

Some of the fragments (specimens H-1, H-4, from SW. 4, NW,
14, sec. 9, T. 5 S, R. 26 E.) have vesicular and flow structures and
bear direct evidence of having dripped as a viscous liquid from vol-
canic bombs. Fragmentzd crystals of plagioclase and quartz, also
angular lithic fragments of slate, pieces of limestone and sandstone
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of megascopic size are very common in the tuff and occasionally
one sees a piece of basalt,

Thes= matters are co-mingled with the originally glassy, now
devitrified content and are regarded as ash also, blown from a vol-
cano with volcanic violence. The feldspars are remarkably fresh
in most specimens and are medium acid in composition approximat-
ing that of aligactase nr clizgoclase-andesine ordinarily. Chlorite
cceurs in noticable amounts, frequently in large grains or blotches
up to an inch in diameter. The chlorite appears to be very largely
a product of devitrification of the glass.

The single instance of the occurrence of a fossil in the tuff is
worthy of special mention. The specimen (No. 203) now in
Columbia University, Department of Geology, Problems Set of
rocks, comes from the SE. 14, SE. 14, sec. 24, T. 5 S, R. 21 E.
and in the hand specimen, is a coarse but rather even grained frag-
mental of bluish gray color, firmly cemented into a compact, resist-
ant, hard material. It is made up of fresh feldspar grains for the
most part, in size up to 5 mm., chunky in habit, but scattered
through the mass are dark colored angular lithic fragments and two
or three segments of a crinoid stem. The rock weathers on the ex-
terior to a coarse, rough surface with the feldspar grains in relief,

but the joint planes are usually stained reddish brown with iron ox-
ide.

Under the microscope in thin section the feldspar grains app:ar
roughly equidimensional to tabular-chunky and average in size from
1 mm. to 2 mm. across. They are almost always twinned in broad
bands and are medium acid in composition—approximating that of
oligoclase or oligoclase-andesine. These are remarkably fresh, the
only alteration product being sericite which is distributad uniformly
but very sparingly in fine specks through the grains. There is no
kaolinization. In addition to the grains of feldspar there are num-
erous lithic fragments such as bits of dialasic basalt, pieces of shal:,
and we'l bounded grains of crystalline limestone. There are also a
few pieces of quartz. These mat:rials are all sharply angular and
are tightly cemented in an abundant matrix of fine flaky chiorite
which Tocally is yielding some limonite as an alteration product. The
chlorite occurs also in veins and as stains on th: other minerals
where it has lodged. There is no evidence of flowage or fracture in
this slide and no banding or stratification. The rock is decidedly
massive. The very singular angularity of the grains; the heterogen-
ity of the deposit; and tie bogen structure visible in the matrix point
unmistakably to the volcanic origin of the material.

Of special interest are the grains of crystalline lim=stone which
suggest that the crinoid stem fragments observed in the hand speci-
men might also be clastic and derived from a rock older than the
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PLATE LVIIL

A. DPhctomicrograph of fine;grained, devitritied tuff from
S;an'ey shale, showing typical bogen s

half of the field and massive chlerite in the other half.

near base of

tructure of ash fragments in one

Plain light x 40

B. Pho:omicrograph of a :
tom of the Stanley showi

ine-grained variety of the tuff
fr:g tlg1e typical bogen structure.

from near the bot-
Plain light x 40,
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one in which they are found. At first thought it would seem that
the ash fell in water which was inhabited by a marine fauna and that
some of the animals were thuscaught and preserved, but there is this
possibility also, that the crinoid columnals, like other rock frag-
ments of the tuff, could have been torn with explosive violence from
the rim of an ancient volcano—a carboniferous Krakatoa if you
please! and so be incorporated in the ash. Thus one cannot say
positively weather these fossils represent a fauna which was resident
in the place where the ash fell or whether they were ejected from a
volcano. A thorough study of the specimens fails to decide this
point.

Some of the other variations and peculiarities of the tuff are
brought out by the few individual descriptions which follow, but no
attempt is made to include every type and phase.

Specimens 254 and 255 (from 250 paces south of the N. ¥4 cor. sec. 19,
T. 4 S, R. 27 E.) represent a very unusual phase of the tuff in that they are
very coarse grained and carry 10 per cent to 15 per cent of water-worn peb-
bles. The pebbles range in size from 5 mm. to 10 mm. and consist of slate,
white quartzite, ferruginous sandstone, and crystal quartz mingled uniformly
through a mass of feldspar grains which average about 1.5 mm. in cross sec-
tion. The pebbles are unquestionably water rounded and must have been
transported, and deposited in their final resting place by water. The feld-
spar grains on the other hand are decidedly angular and appear not to have
been washed very far. Presumably these materials are all water laid and the
feldspar content derived secondarily from the ash. Unfortunately the speci-
mens are too rotten to permit of sectioning so that it is not known whether
or not any traces of a bogen structure could be found in them. Only in this
one place has so coarse a material been found in the tuff bed.

Specimen 58 is an extremely fine-grained, light gray variety of the tuff
(from 50 paces south of the W. 14 cor., sec. 11 T. § S., R. 26 E.) In thin
section it is clearly a tuff. The ash fragments and bits of crystalline quartz
and plagioclase make up the bulk of the rock which is cemented by an im-
palpably fine mud, now chiefly chlorite. The specimen is of special interest
in that it contains a few rounded quartz sand grains the presence of which
points to an admixture of water-horne or wind-blown sand but there is noth-
ing in this particular slide to indicate whether the ash fell in the water or
on land or was subsequently redeposited by wind or water. The feldspars
are heavily sericitized but otherwise not altered. There are no signs of strat-
ification either in the hand specimen or in the slide.

Specimen 343 is from a resistant ledge of blue quartzitic rock, which
outcrops and forms rapids in the channel of Rough Creek (50 paces sou'h and
300 paces east of the N. 34 cor., sec. 20 T. 3 S, R, 27 E.) In the hand
specimen this is a dense, massive, fine-grained, light bluish gray stone which
is capab’e of taking a smooth polish when exposed to stream erosion, and very
often there are pot holes developed in it. In thin section under the micro-
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PLATE LIX.

Stanley

aph of the fine-grained tuff from near bottom of the

gﬁalghgggr;n;gfgfrs}!:owing fra.gmentedf c;ys_tflisf_ oéf éqll;as.ls'tz %311;1 lfgé%ipaéir\(x&l:}g
in a ground mass o evitrifie .

g’;‘%hl;ggltasgs;a}&ntent 1gs not visible under crossed nicols. Crossed nicols x 15,

itrifi hale
. tomicrograph of devitrified tuff from near the base of Stanley s
g)rmzltlioor?nsli\gw%ngpfragmented crystals of feldspar and quartz (1lghl§ ;&;loreld‘r’)
in a matrix of devitrified glass and chlorite (dark colored). Plain light x 19.
Specimen 94,
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scope one sees very few fragmented crystals. These are quartz and acid plag-
ioclase fragments. The remainder of the slide is evidently wholly devitrified
ash now essentially quartz, feldspar and chlorite.

An interesting feature of this slide is the primary structure which can be
seen only in reflected light—a structure which may be defined as diabasic for
nearly the whole slide is composed of reorganized lath-shaped fragments.
There are however, a few places where a typical bogen structure can be
made out and for this reason the rock is classed as a tuff. It would appear
that the products of devitrification were tiny lath shaped feldspars, which
later became granular aggregates through continued metamorphism assisted
perhaps by silicification. This is intersected by a net work of fine veins .075
to .150 mm. in cross secticn, cf adularia and carbonate, a fact which would
suggest that much of the fine grained, undeterminable aggregates were in-
deed feldspar. The adularia is entirely fresh and beautifully twinned.

Specimen 390 (from the W. 14 cor., sec. 35, T. 2 S.,, R. 26 E.) and is a
very fine grained variety of the tuff. In thin section there is revealed a
beautifu! bogen structure. Many of the fragments are vesicular and contain
amygdules of chlorite. The slide is uniformly and finely recrystallized through
the precesses of devitrification and silicification. The few crystalline frag-
ments of feldspar present are slightly cloudy with kaolinite, otherwise there

is no a'teration. All in all this is one of the best examples of the bogen struc-
ture studied.

Spscimen 400 is 2 much metamorphosed massive, mottled green, brown
and red tuff (from 500 paces north of the center of sec. 36, T. 2 S, R. 26
E.) In thin section under the microscope there appears a marked bogen
struciure only in spots. In general the structure is granular massive due to
reorganization from pressure. Few large, millimeter-grained crystals of oligo-
clase and: quartz occur but the most of the slide is 2 fine 0.03 mm. grained
granular aggregate of quartz, feldspar, sericite, chlorite, and possibly other
minerals stained with iron oxide and epidote. One of the remarkable features
of this syecimen as seen in thin section is the enlargment of some of the
criginal plagioclase crystals, the new part and the old part of the grain be-
ing in crystallographic continuity and making up a single crystal unit, and
this in spite of the fact that they are multiple {winned. The twirning planes
are also carried along in the new material. The old interior portion of these
grains is sericitized; the new and added portion is clear and fresh.,

There are also small areas (vugs or veins) of secondary plagioclase
(oligoclase and andesine) and quartz present. The plagioclases are beauti-
fully crystallized, multiple twinned, pilotaxitic in habit and absolutely fresh.
A black metalic (probably magnetite) plus a minor amount of quartz fills the
interstices between the andesine laths in some instances.

Specimens 143 and 144 (from points 200 paces and 100 paces respect-
ively south of the NW. cor. sec. 3, T. 5 8., R. 26 E.) are both fine-grained,
dense, massive tuffs, bluish gray to greenish gray in color and in thin section
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both retain their original bogen strueture telling of their volcanic origin.
Sp. 144 is a splendid example preserving the structure in greatest detail and
fineness. Many of the ash fragments have round holes in them showing the
location of gas bubbles, others are streaked or ropy as well as vesicular and
in every detail of form and structure show that they are ash fragments, once
glassy but now devitrified. The products of devitrification are chiefly plagio-
clases in fine crystalline aggregate. Others of the ash framents as in the case
in all the tuffs from this region, are pieces of crystals of plagioclase and of
quartz, chiefly plagioclase. These appear not to have been originally glass
fragments that have crystallized but crystalline material, subsequently frag-
mented. The lava from which the ash was derived might have been (1) par-
tially crystallized at the time of the explosion or opening of the vent, or (2)
portions of the walls and rim of the crater may have been blown away with
the lava and the two mingled together in the fall. Since the crystal frag-
ments are, in nearly all instances single crystals or pieces of single crystals,
units unto themselves, and not aggregates or granular intergrowths of several
crystals the former explanation seems to best explain the facts. There are

no rounded sand grains or water transported silt in either of these specimens-
and only a very few flecks of chlorite.

Specimen 99 (from 400 paces south of the N. 14 cor., sec. 4, T. § S,,
R. 26 E.) is a dense, brittle massive, fine-grained rock of dark greenish gray
color weathering light greenish gray. It contains no megascapically visible
crystalline matter at all but under the microscope in thin section there are
seen to be a great many angular crystalline fragments of plagioclase and
quartz up to 0.2 mm. in cross section. These are remarkably fresh. Some
of the quartz grains contain rutile needles and bubble irclusions. The great
bulk of the rock however, as observed under the microscope is an extremely
fine matrix of feldspar, quartz, and other matters most intimately woven to-
gether and so finely crystallized that much of this cannot be resolved into its
constituents even with the highest power of the microscope. A beautiful
bogen structure prevails throughout the slide in every part and is so well
preserved that there can be no doubt of a volcanic origin for the whole of
this rock. It is an excellent example of a devitrified tuff. Chlorite is the
abundant coloring matter which gives to the rock its green hue in hand speci-
men. It is uniformly distributed as the minutest flakes and as a stain in
all the finest of the matrix surrounding and clearly delimiting all the ash
fragments which in plane polarized light are remarkably clear, colorless, and
transparent. There is some carbonate present as large ragggd flakes replac-
ing certain areas in the thin section. Judging from the manner of occurrence
it would seem to be introduced carbonate for it is no respector of minerals or
of individual fragments..

Specimen 104 (from 500 paces N. of the center of sec. 9, T. 5 S,, R. 26
E.) is a massive, tough, hard, dense rock of light gray color studded with
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large (10 mm.) chunks of dark green chloritic matter (fragments of altered
slate or shale.) In thin section under the microscope the largest grains (up
to 1.5 mm.) are crystals and fragments of crystals of plagioclase and quartz.
These have angular outlines and for the most part are free from alteration.
Such material is not abundant, however, and does not make up one fourth of
the rock mass. The essential constituent is devitrified glass which in its
present condition resembles very closely that described as occurring in speci-
men 99 (q. v.). The slide is etched in certain regions with carbonate which
appears to have had an extraneous source and was introduced as a replace-
ment mineral. The chlorite cccurs chiefly 2s a stain in the matrix but in
certain places there are large flakes of it.

Specimen 280 is a fine grained, bluish gray tuff (from 200 paces north
of the W. 14 cor.,, sec. 9, T. 4 S., R. 27 E.) of extreme hardness and tough-
ness, ringing under the hammer. It weathers by exfoliation. In thin sec-
tion there is revealed a marked bogen structure characteristic of volcanic ash.
This in the main does not differ from other specimens examined but special
mention should be made of the fact that a few rounded quartz grains of zir-
con, flakes of muscovite and fragments of slate occur in the slide. These mat-
ters may be xenoliths in part but the association of quartz, zircon, and mus-
covite together would certainly indicate water transportation. Possibly the
entire deposit fell in- the water and in certain places became mingled with a
small amount of sand from the sea shore. The quartz grains have suffered
enlargement. Emphasis should be ‘1aid on the fact that less than five per
cent of the rock mass is made up of rounded quartz grains, zircon, and mus-
covite.

Chemical Composition of the Stanley Tuff

Following is a chemical analysis* of the Stanley tuff from the
measured section in the bed of Lick Creek (specimen No. 153) from
300 paces south of the center of ssc. 8, T. 5 S,, R. 26 E. (See
measured section item 3, p. 147). The material selected for analysis
is typical fine grained, devitrified ash, which as determined by micro-
scopic examination in thin section, carries no lithic fragments and
only a limited amount in very small specks of the broken crystals of
quartz and feldspar. Carbonate is present however, estimated at 1
per cent.

*Shead, A. C., Chemist, Okla. Geol. Survey, Analyst.
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PLATE Lx,

A. Photomicrograph of typical Stanley i
. grit (specimen No. 7) showing the
gritty character of the quartz (white) which Is embedded in)a. reorgagnlzed
argillaceous-carbonaceous cement. Plane light x 16.

B. Photomicrograph of a rare type of Stanley sé.ndstone showl:

of two distinct sizes, the larger consisting of complex grains of granl?l% qgl;.:x{?:

and other rock fragments all well rounded; the smaller are chietly gritty
particles of quartz. Crossed nicols x 16.
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TABLE 1.
ANALYSIS NORM

Si00 e 76.86 llmenite oo .3
AlLOS e 12.76 Orthoclase — - e 8.6
FepO3 oo 63 Albite — - 48.7
FeO o o= 1.05 Anorthite e 2.2
MgO - trace Magnetite — - .9
Ca0 e 0.43 Corundum oo 1.
NasQ o 5.67 SiHCA e 37.6
KeO o 1,43 Siderite oo -o e mmemmo 1.0
HoO— _ o ___ 12 I——
HoO+F oo 1,09 100.3
TiO0 o 177
PoOs - 043
MnO . very faint trace

100.26

The norm was calculated on a water-free basis by tae writer,
and is interesting in that if we combine all of the An molecule with
a maximum amount of the Ab molecule to form oligoclase (Ab12-
Ant) the result is 25 per cent of oligoclase and 13.7 per cent of free
albite.

The essential facts may then be summed up about as follows:

TABLE 11,
Quartz o e 37..6
Orthoclase w oo e 8.6
Albite o e 13.7
Oligoease oo 25.0
ChIOFe oo e e 141
Siderite oo 1.0

100.0

In the majority of cases the writer has determined the crystal-
line fragments (of other specimens from other localities) as oligo-
clase and oligoclase-andesine, but there was no way of. telling what
might be the composition of the devitrified glass content of these
specimens. The above summation (Table 1I) therefore throws
some light on this part of the rock. In any case thisis an extremely
acid ash.

. SANDSTONES AND SHALES
In all 60 specimens of the sandstones and 5 of the slates of the
Stanley formation have been sectioned and examined with the mic-
roscope. These were taken for the most part from the eastern side
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of the area, tut from all parts of the formation. They are typ-
ical of the Stanley sediments and represent every phasz of the ma-
terial that it was possible to collect.

The great majority of the sandstones are very fine grain:d,
dark colored (carbonaceous) feldspathic grits, consisting essentially
of angular particles of quartz, together with minor amounts of
plagioclase, original muscovite, zircon, tourmaline, etc., of all siz:s
up to 1 mm., but averaging only one tenth that size, bound together
usually with an abundant chloritic-sericitic cement. There are in
some specimens examined, flecks of original biotite, grains of gar-
net and microcline, also a few scattered pieces or basalt, otherscarry
small pieces of carbonized wood, but none of thece last mentioned
arz common.

The cementing materials, chlorite and sericite, are anamorphic
products, which have resulted apparently from the metamorphism
of the original argillaceous and ferruginous matters in the sand-
stones. What limonite occurs is due largely to surticial weathering
of the metamorphosed rock.

The shales are all richly carbonaceous and all more or less
metamorphosed so that it is difficult to analyze them. Clay-slate
needles are common in some of them; a great deal of rutile and
leucoxene is present generally, and very frequently, pyrite.

Following are a few descriptions of individual spacimens illus-
trating the variety of material:

Specimen No. 3 (from the N. 14 cor, sec. 4, T. 5§ S,, R, 27 E.) is a
slightly micaceous, fine-grained, greenish, gray, massive sandstone which in
thin section is observed to consist of sharp, gritty quartz, cemented in an
abundant fibrous and flaky mixture of chlorite and sericite mixed with finely
divided leucoxene. The quartz grains have an average size of about 0.1 mm.
these have not suffered enlargment and there distribution in the cementing
material is such that they must all be original grains. There are one or two
fragments of an acid plagioclase and a few flakes of original biotite and mus-
covite present so that the sediment must have come from an igneous region
at least in part. The slide shows a slightly geneissic structure.

Specimen No. 7 (from a point 300 paces south of the NW, cor., sec. 15,
T. 5 S, R. 27 E.) is a dense, dark, bluish gray, resistenf, massive sandstone
of extremely fine grain. In thin section it is observed to be essentially a
gritty, quartz sandstone with grains averaging 0.4 mm, in size, but there are
several grains of acid plagioclase present, several of zircon, ore or iwo of
garnet and some of rutile and ilmenite, the last in part changed to leucoxene.
The cementing material is a finely divided, fresh chlorite, probably an ana-
morphic product brought about by the reduction of an original iron oxide
cement. Replacement carbonate appears in very small ragged specks and
grains. The structure of the rock is altogether massive.
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Specimen 39 is a light gray, massive, resistant quartzite—a material
which is conspicuous for its exfoliated boulders and resistant exfoliating
ledges occurring over the region. The specimen comes from the center of
sec. 19, T. 5 S.,, R. 27 E. In thin section, rounded to subangular and gritty
particles of quartz and a few of fresh plagioclase are the essential consitiuents
observed. There is also a little leucoxene in definite grains, some of zircon,
garnet, and rutile, and a few flakes of muscovite. These materials are all
firmly bound in a siliceous cement in which there is a very little sericite and
chlorite intermingled. The inclusion of igneous and metamorphic minerals
in this quartzite would indicate that an igneous and metamorphic region was
the direct source of much of the material for there is a noticeable am«-unt of
the feldspar in the rock and several grains of garnet.

Specimen 59 (from 200 paces south of the NW. cor., sec. 11, T. 58, R.
26E.) is a fine grained greenish gray, soft, schistose sandstone carrying an
abundance of finely divided sericite. The sericite was developed through
shearing processes. The rock is schistose and splits readily in the direction
ot the schistosity. In thin section the rock is seen to consist of fine, gritty
particles of quartz all under O. 1 mm. insize cemented in an abundant limonitic-
vhloritic-sericitic cement. One sees practically no feldspar, zircon, or other
similar material in this specimen. There are numerous small specks of leu-
coxene, however, and many large dark colored areas, probably shale dark-
«ned with organic matter. The thin section is typical of a fine silt.

Specimen 66 is one of the fine grained, peper-salt,, greenish gray, hard
sandstones (from the SW. cor., sec. 24, T. 58, R. 26E.) In thin section
this material is observed to consist very large’y of subangular to rounded
grains of quartz and some of plagioclase tightly compacted in a very scant
cement of finely divided sericite and chlorite. The cement is entirely an
anamorphic product and adhers closely to the grains filling all pore space.
Much of it is intermeshed with the quartz about the margins of the grains
binding them together into a very firm whole. Aside from quartz and some
fesdspar there are a few flecks of muscovite, a grain or two of zircon, and a
few specks of leucoxene. It is a fine silt but not so fine nor nearly so
siliceous as the preceding, No. 59.

Specimen 78 (from a point 625 paces south of the NW. cor., sec. 12, T.
5S., R. 26E.) is a dark gray, massive, fine grained, resistant sandstone wk;ich
weathers by exfoliation. In thin section one sees a great variety of material
of various sizcs up to .5 mm. and all more or less angular. .ln order of
their importance in the slide these are: crystal quartz, shale or slate, acid
nlagioclase, muscovite. biotite, and basalt. Much of the quartz is gr;nitic
consisting of interlocking grains. The cementing material is largely chlorité
ind sericite with grains of leucoxene scattered about. There is no doubt
that such an assemblage of rocks and mineral fragments came from a struct-

urally complex area composed of metamorphic and igneous rocks of various
kinds.
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Specimen 131 is a micaceous pepper-salt, fine-grained, dark greenish
gray grit, massive in structure and harsh to the feel. It comes from 150
paces north of the center of sec. 17, T. 5S., R. 26E. In thin section granu-
lar, gitty, granitic quartz and some feldspar (orthoclase and acid plagio-
clase) are the essential constituents but there are also present: zircon, musco-
vite, biotite, and several fragments of basalt in the slide, indicating all to-
gether a complex, igenous area as a source of the sediments. The cement-
ing material is a mixture of chlorite, epidote, and quartz specked with grains
of leucoxene and organic matter. .

Specimen 329 (from 100 paces south of the center of sec. 21, T. 3§, R.
27E.) is a dark, siliceous, thickbedded slate streaked with fine light colored
bands and splitting across the bedding. In thin section it is a uniform fine
pasty aggregate of chlorite, sericite, epidote, quartz, leucoxene, rutile, and
doubtless other minerals intimately associated in one uniform whole. It
is not sufficiently indurated or coherent and not of the proper composition
however, to be commercially valuable as a slate.

Specimen 433 is from a point (75 paces east of the N. 14 cor. sec. 24,
T.1 S, R. 2 6E.) in tle middle of the Ctarfcy series. It is a dark, smoky
gray, fine-grained, quarzitic sandstone cut by thin veins of quartz. In thin
section it is observed to be decidedly felspathic, somewhat micaceous and
carries zircon, rutile, tourmaline, garnet, and biotite. The quartz grains are
gritty and angular averaging 0.1 mm. in size but there are a few rounded
grains, several times that size, present. The binding material is carbonaceous
matter, chlorite, and quartz. Evidently the original was a fine, gritty silt
carrying considerable organic mud and derived, judging from the fresh feld-
spar, biotite and other minerals present, from a metamorphic and igneous old
land. The few rounded, large, quartz grains are regarded as dust particles
derived from the air.

Specimen 441 is another fine grained, dense, massive, smoky gray quart-
zite, this time from a newly dug well (125 paces south and 125 paces west of
e NL., cor sec. 19, 1. 1 5, . 2/ L.) 0 Ve vizwed 1ioaki section uunder
the microscope this too is a firm quartzite similar to specimen 433 but it
carries an unusually large amount, estimated at 15 per cent, of garnet, zir-
con, tourmaline, and ilmenite, but chiefly garnet and zircon. These heavy
minerals range in size together with the quartz up to 0.2 mm. and are uni-
formly mingled together and firmly bound by a siliceous, slightly chloritic, in
places graphitic, cementing material.

Specimen 928 is a relatively coarse to medium grained sandstone oc-
curring well up in the Stanley (200 paces south of the N.14 cor., sec. 17, T.
5S., R, 22E.) In hand specimen it is a light gray compact, quartzitic sand-
stone, very resistant and weathering by exfoliation into resistant shell like
slabs ringing under the hammer. Under the microscope in thin section the
largest particies aie observed to be 2 to 3 mm. in cross secticn. These are
rounded grains of quartz and acid plagioclase and irregularly shaped bits of
porphyritic basalt and black slate, uniformly scattered through 2 mass of finer
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0.1 mm. grained, gritty sand consisting of quartz, acid plagioclase, zircon,
#.d muscovi e. The whole is cemented in a thin, fine mixiure of chlorite,
sericite, and leucoxene, portions of which have yielded some limonite. The
presence of igneous and slaty matters certainly speaks for a metamorphic
igneous area as the source of the sediments. Specimen 929 is another spec-
imen of the same rock from the same place. In this the coarser, 2 mm, grains
make up fully 50 per cent of the rock mass. In thin section one sees rounded
grains of quartz, zircon, orthoclase, muscovite, acid plagioclase, fragments of
chert, slate, and porphyritic basalt. There are apparently but one or two thin
horizons of material so coarse as this in the Stanley.
CHERT CONGLOMERA.3 :UAR BASE OF STANLEY

Near the bottom of the Stanley shale, some distance below the
tuff bed, has been found in a number of places a thin, 1 foot bed of
silicified cherty conglomerate. This has been examined microscop-
ically and found to consist of conspicuous subangular fragments of
chert up to 1 cm. in length and rounded quartz grains, cemented in
an abundant fine cherty matrix. The chert fragments are streaked
with sericite and limonite, while the quartz grains are characterized
by minute parallel fractures in two directions and by strain shadows.
The binding material is wholly silica in the form of a finely granular
chert which adheres closely to the original grains, but none of these
have been enlarged. There are a few grains of zircon present but
no feldspar nor muscovite. A feruginous carbonate replaces the
quartz in one specimen (No. 885 from a point 250 paces north of
the S. 14 cor. sec. 10, T. 5 8., R. 25 E.)

BLACK CHERT FORMATION IN MIDDLE OF STANLEY

A microscopic study of some of the black cherts from the mid-
dle portion of the Stanley shows them to be dirty (carbonaceous-
argillaceous) chalcedonic, finely granular cherts cut by veins of
quartz and carbonate and replaced in places by a few rhombohedra
of siderite. Some of the materials examined are uniformly and min-
utely streaked with the dark brown to black organic or carbonaceous
material which occurs in tiny sooty specks and bunches marking out
the original bedding. The original seems to have been a fine black
mud.

CONE-IN-CONE CONCRETIONS IN STANLEY

Cone-in-cone concretions occur in the black shales of the mid-
dle Stanley throughout the area of outcrop of this part of the forma-
tion. These are lenticular masses one foot to three feet across, by
3 to 6 inches thick, ordinarily, and occur in beds of black shale in
close proximity to each other in the layers where they occur. The
concretions have a central, horizontially schistose core of dark blu-
ish_gray, siliceous-argillaceous, finely granulated material out of
which, all about this central mass, normal to the surface curvature,
spring myriads of the cone-in-cones, growing outward and forming a

STANLEY SHALE 193

shell one to two centimeters thick. Some of these concretionary
:rlllgsses part in the middle, and the exterior shell of any of them may
be split off with a blow of the hammer. They are nevertheless,
very resistant to weathering conditions and may be found lying
about on the surface or projecting from the outcropping ledges of
shale in many places.

A number of specimens of the cone-in-cones were collected at
a point 150 paces north and 250 paces west of the center of sec. 3,
T. 6 S., R. 26 E. from which thin sections have been prepared.
These reveal a microscopic structure which is very difficult to de-
scribe. (Plate LX!.) The rock resembles more than any-

PLATE LXI.

i i i i from the
ograph of cone-in-cone concretion, in transverse section,
gt}elx%tloeg“i%agle pThe light colored material is quartz, the dark substance is

' reorganized shaly matter. Plain light x 15,

ing else a mass of siliceous (cherty) augen crowded together in
j1[:1r¢:,lggul'f1r rows, each eye being separated and internally streaked
with a highly polarizing, finely divided, yellowish, flaky substance,
probably sericite. This material polarizes uniformly throughout the
slide ‘pointing to uniform orientation of the particles and indicating
in turn that shearing stresses had played an important part in its
formation and present distribution. The shredded sericitic bands
which cross the augen of cherty silica make a wide abtuse angle
with the heavier bands which mark out the direction of the schisto-
sity; and the former are connected or are continuous with .the latter
in a manner indicating that the cross fibres had been split off and
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bent away from the large sericite bands, silicia having been intruded
in, among and around them as they were being bent, or sheared
around. Continued deposition of silicia from without would only
tend to separate the sericitic bands more widely, and continued lat-
eral shearing would bend the sericite shreds, torn from the parent
lamillae, still farther and farther from their original parallel position,
until the rock having grown ‘fat’’ with silicia assumes its present
structure. The bands of sericite form the parting planes and cause
the nuggets of silicia to lie separated one from the other, but why
all those on the exterior should be cone shaped the writer is unable
to explain. Cone-in-cones in general are supposed to be concretions
formed under pressure, but just how they formed or why they
should form, the present occurrence yields no definite proof more
than that they appear to originate from a shale simultaneously lat-
erally sheared and richly silicified under pressure. Apparently some
of the concretions grew very slowly (the fine textured ones) and
others rapidly (coarse textured ones).

Some of the specimens are intersected with quartz veins and
one of these is slickensided showing that there has been at least
some movement since their formation.

FAULT BRECCIAS, SLICKENSIDES, VEINS, ETC. IN THE STANLEY

Among the collection of Stanley specimens there are 50 or
more examples of slickensides, fault-breccias, vein materials, etc.,
which it seems should not pass without mention. Many of these
are excellent examples of their kind and from the aesthetic and di-
dactic points of view are very attractive.

] The breccias are especially beautiful, consisting of fresh green-
ish gray sandstone cemented in a mass of milky white quartz. Some
of them are very loosely cemented and the partially filld cavities
glnste%n with myriads of tiny adamantine points and prisms of crystal
quartz.

Vermicular chlorite abounds in many of the specimens of vein
quart_z. Some of the crystals are zonal, green, and brown, with
chlorite and limonite. Mottled green and white blotches of quartz
appear in the massive veins.

There are several good examples of slickensides, faulted veins,
mud cracks, etc., and one specimen of a stylolite in sandstone.

The sad fact remains, that there is no gold or other metallics
of value associated with this quartz. The reader is referred to the

chapter in Economic Geology in Part Il for a full statement concern-
ing the metals.

RESUME AND CONCLUSIONS
CONCLUSIONS PERTAINING TO THE TUFF BED
~ The essential facts as brought out by the study of the thin sec-
tions and hand specimens of the tuff bed near the base of the Stan-
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ley are as follows: (1) That of the fine grained aphanitic ma-
terial and practically all of the coarse grained material, where not

too profoundly changed by metamorphism, reveals a typical bogen
structure characteristic of volcanic ash fragments. Many of these
fragments have rounded holes in them showing the location of gas
bubbles, others are streaked or ropy as well as vesicular and in every
detail of form and structure show that they are ash fragments once
glassy, but not devitrified, some of them silicified. (2) That in
the case of the coarser grained specimens and most of the dense, fine
grained ones there are present noticable quantities of fragmented
crystals of plagioclase (oligoclase, andesine, and labrodorite) and
quartz, intimately mingled with the originally glassy, now devitrified
fragments, having such angular outlines and other characteristics as
to be nothing other than volcanic fragmental matter derived either
from (1) previously cooled plutonic rocks about the volcano or (2)
from partially cooled lava within. Such material may be neglig-
ible in amount in some specimens but in others it constitutes 90 per
cent or more of the rock mass. (3) That in many of the specimens
there are sharply angular bits of slate or thick bedded shale and in
some few cases angular fragments of basalt, limestone, and other ma-
terials which are best explained as xenoliths derived from the vol-
cano. These lithic fragments may be half an inch in cross section
in extreme cases; those composed of shale or slate are invariably
heavily chloritized and doubtless give rise to much of the binding
material in the rock. (4) That the originally glassy constituents ot
the tuff have in all instances suffered complete devitrification yield-
ing medium acid plagioclases, chlorite, and possibly some quartz in
fine grained aggregafe, often too fine to be determined. (5) That
there are present in some specimens of the tuff, solitary, rounded,
quartz sand grains, rounded grains of zircon, isolated patches of silty
material, leucoxene and rutile, all of which indicate an admixture
of 2 minor amount of water transported materials. These may have
acumulated in the ash however, in some cases, as dust blown by the
wind from an adjacent area. (6) That there is a notable absence
of stratification and never a segregation of sand grains or silty mat-
ter in bands, indicating that the ash was not sorted by water or trans-
ported by water, except perhaps locally at the bottom. The primary
structure is massive. (7) That the essential binding material in the
rock is chlorite occurring as a fine flaky aggregate bordering each
and every particle of ash and also as larger scales, grains, and stains
elsewhere. The chlorite is believed to be very largely a devitrifica-
tion product, but in some cases the chunks of slate or shale includ-
ed in the tuffs as zenoliths seem to have given rise to large amounts
of chlorite. (8) That certain of the specimens are silicified appar-
ently by replacement processes and a few are cut by quartz veins.
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(9) That certain specimens have suffered from hydro-thermal
action as shown by the replacement of some parts of some speci-
mens by ferruginous carbonates. (10) That aqueo-igenous juices
have in certain localities penetrated the tuffs as indicated by the en-
larged plagioclase grains and the presence of vugs and veins of fresh
acid plagioclase, and quartz. (Specimen 400.) (11) That as a
rule the feldspars in the tuffs are remarkably fresh, considering their
history and when altered at all the resultant is largely sericite de-
veloped through deep seated shearing and metamorphism.
Calcite is not an uncommon alteration product in some places,
but kaolinite occurs only after surficial weathering has gone
on. (12) That tuffaceous material carrying pebbles and gravel is
ineed very limited. In the one place observed where such was the
case it seems that those particular beds must have been sorted by
water and redeposited, and (13) That, as many times as the outcrop
of the Stanley tuffs has been crossed and recrossed by the writer in
mapping them, and as great care as has been taken in connecting
the outcroppings in a logical delineation on the map, he is, never-
theless, unable to state positively, whether there is one or more than
one bed of the tuff, so great has been the deformation.
CONCLUSIONS DRAWN PROM THE SANDSTONES SLATES, CHERTS

CONGLOMERATE, AND VEIN MATELIALS OF THE STANLEY

The petrographic and microscopic study of the sandstones,
slates, black cherts, conglomerates, and vein materials of the Stan-
ley series leads to the following conclusions: (1) That the direct
source of the Stanley sediments was a land area consisting in large
measure of acid igneous and metamorphic rocks, for in practically
all of the sandstones' examined, bits of fresh acid plagioclase occur;
and in many of the specimens fragments of slate, shale, flint, por-
payritic basalt, granitic quartz, muscovite, biotite, tourmaline ,gar-
net, rutile, ilmenite, and zircon are found, as well as plagioclase.
The rarity of orthoclase and microcline in the Stanley sediments
may be explained by reason of its relatively easy destruction by de-
composition. (2) That this ancient land area must have been very
large indeed to have furnished so vast a deposit as the Stanley, not
to say anything of the Jackfork which doubtless also came from the
same place. (3) That, judging from the large amount of chlorite
present as a binding material in practically all the sandstones, the
original cement must have been ferruginous. Very few of the Stan-
ley layers are quartzites; and carbonate as a cementing material is
wholly absent. The water in which these sediments accumulated
must therefore have been decidedly muddy and ferruginous. Be-
sides chlorite, there is also an abundance of sericite and leucoxene in
most of the specimens and a large amount of carbonaceous matter
in the slates and shales ,pointing also to muddy waters. (4) That

STANLEY SHALE 197

the ancient land area which furnished the Stanley silts must have
been covered with vegetation, else there could not be so much car-
bonaceous matter in the rocks. Some of the sandstones carry bits
of carbonized wood, visible to the unaided eye. (5) That, judging
from the fine grained, gritty character of the great bulk of the
quartz sand of which the Stanley sandstones and grits are com-
posed (the everage size of the grains being approximately 0.1 mm.
in cross sections and seldom reaching 0.5 mm.) one would infer
that they were deposited by slow moving waters and in a region con-
siderably removed from the land mass furnishing them. (6) That
the few instances of millimeter-grained sandstones, and the case of
the chert conglomerate near the base of the Stanley, carrying local-
ly, chert pebbles one centimeter in length, must mean that there
were times occasionally when, because of storms at sea, high waters
in the rivers or for some other reason, the sediments were washed
farther out to sea than ordinarily. These layers of coarser material,
on account of their limited thickness and their sudden appearance
and disappearance in the succession, can hardly be the record of the
shallowing of the waters, They might represent the pulse of rejuven-
ation of the rising distant land mass furnishing the sediments.. (7)
That the few large, well rounded quartz grains found in some speci-
mens of grits (e. g. No. 433) can best be explained as dust particles
derived from the air, because there are no grains of intermediate sizes
in these particular layers of rock. (8) That there were times when
gelatinous silica (?) accumulated on the bottom of the ocean in
the presence of much black mud, as is recorded by the 25 feet of
black cherts especially, occurring in the upper middle portion of
the Stanley. On the other hand the presence of doubtful sponge
spicules discovered in one of the specimens examined would indi-
cate that a part of the chert at any rate might be due to them. (9)
That the sediments are now greatly changed from their original char-
acter because of the dynamic metamorphism and deformation gen-
erally which they have undergone as evidenced in the formation of
chlorite, sericite, and epidote, the development of schistosity due to
the slicing and granulation of the quartz; the enlargement of quartz
grains in certain instances and the etching and intergrowth of quartz
and chlorite in others due to deposition of silicia and chemical re-
action (hydro-thermal effects) ; the replacement of the original rock
mass by carbonate (apparently siderite) in some instances; the
growth of pyrite cubes in others, and silicification generally.

ORIGIN OF THE STANLEY SHALE
The outstanding facts with regard to the sedimentation of the
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Stanley are: (1) the dark color of all of the shales, slates, and
sandstones; (2) the uniform even fine grain of the sandstones and
quartzites; (3) the total absence of limestones and of calcareous
cements in the sandstones; (4) the tremendous thickness of the
series; (5) the ripple-marked and cross-bedded structure of nearly
all of the strata, sandstones and shales alike. Whatever the theory
for the origin and source of these beds theabove facts especially must
be accounted for. Without arguing the various possibilities and im-
possibilities of such an accumulation, the writer wishes only to state
that the conditions involved appear to him to have been essentially
a gradually subsiding area into which a large river throughout the
subsiding period discharged its load. How large the basin of sub-
sidence could have been, how well defined and what the shape of
it was, are only matters of conjecture with him. That the inflow-
ing river, which discharged its sediments into the bay or basin, was
large is attested by the absence of all conglomerates and coarse
sands, and by the silty nature of the deposits from top to bottom of
the Stanley—a silt wihich was more sandy at certain periods than
others by reason of the well-known conditions controlling all large
rivers, and one which was rich in organic matter at all times.

The ripple marks, rill marks, and cross-bedding throughout the
succession would indicate that mud flats were repeatedly if not al-
most continuously a feature of the delta on which the ancient river
laid these sediments. The silts, sands, and muds were evidently
washed around and shifted about on the flats, re-sorted and finally
deposited in the ripple-marked and cross-bedded condition in which
we find them.

That fragments of plants, pieces of wood, bark, leaves, etc.,
should be washed down a river and become buried in the sands is,
of course, a well-known fact and in accord with the facts of the
Stanley sediments,

It should also be expected that a great delta deposit at the
mouth of a large river such as it appears the Stanley must have
been would from time to time, especially during periods of storms
and rough sea, be peopled by marine animals. These doubtless
would not move voluntarily from their habitats to fresh water but
might easily be washed along by littoral currents and heaved shore-
ward by storm waves. Thus one may account for the few brachio-
pods and other animals found. With reference to the bryozoa and
other fossils found at the Little River locality special mention should
be made of the fact that this fauna occurs in a horizon about 3 inches
thick composed chiefly of quartz gravel whose grains average about
2 mm. and that the fossils are broken to bits. Regarding the char-
acter of this fossiliferous layer Professor Schuchert says:

“The physical characler of the rock of localities 943 and 944 leads me
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to the following physiographic and geologic conclusion. The material came’
in the main from a granitic country though 1 think there were present also
metamorphic rocks for there appears to be present considerable mjcaceous
schist. This schist is still in angular pieces and larger than the quartz peb-
ples indicating shorter transportation. In addition there is much black shale
present, some of which is also metamorphosed but apparently not all of it
The quartz pebbles are fairly well rounded and with the sand appear to have
come a much longer distance than the shale and schist. There are also
rounded pieces of garnet present.”

At no other horizon in the entire Stanley, excepting the tuft,
is there so coarse a material.

Higher in the Stanley where the plant horizons were found,
and in the Jackfork sandstones above, the vegetal remains occur in
thin beds charged with small twigs and other plant fragments, and
also as scattered individual specimens. The latter are usually large,
pieces of limbs and logs, but in all cases are macerated
and eroded fragments—materials, it appears, which have been
floated down stream from land areas to the south and southeast
and out upon the delta to the north where they were engulfed in
the sands.

JACKFORK SANDSTONE

The Jackfork sandstone has been eroded from most of the
region dealt with in this bulletin. Portions of the base of the
formation are encountered in the extreme northern and western parts
(in Walnut and Blue Bouncer Mountains north of Smithville; in
Boktukola Mountain west of Smithville; in the mountains west of
Bethel; and in High Hill and Signal Mountains south of Corinne; also
north of Corinne), but the lower portion of the Jackfork sandstone
has been described and discussed above (see Measured Section of
Stanley-Jackfork Transition Series and Origin of Stanley, ante pp.
165 and 197) and needs no additional description here. A more ade-
quate description of the Jackfork sandstone is being prepared in con-
nection with the mapping of southern LeFlore County, north of the
present area, and will be published later.

The Jackfork sandstone is regarded as Pennsylvanian in age

owing to the discovery recently of the Morrow-Wapanucka fauna .

in the upper part of the formation.
TRINITY SAND
GENERAL STATEMENT

The Trinity sand of Lower Cretaceous (Comanchean) age
appears along the southern border, and as isolated patches farther
north, in the area as mapped (see map plate 1). 1t overlies uncon-
formably the highly tilted and truncated edges of the Paleozoic
rocks, and itself dips gently to the south at the rate of about 40 feet
per mile as a general average. The Trinity consists of loosely con-
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solidated yellow sands, red and yellow clays, boulder and gravel
beds, some ferruginous sandstones, and locally to the east some
thin limestones. The various beds of sand, clay, gravel, etc., are
much cross-bedded, irregular in their development, more or less
lenticular in shape, and extremely variable in lithologic character.
The total thickness of these beds combined, amounts to from 400
to 600 feet but only the lower portion of the formation has been
studied in connection with the present report.

PLATE LXV,

THE CONTACT BETWEEN THE STANLEY SHALE (PALEOZOIC) BELOW

AND THE TRINITY SAND (COMANCHEAN) ABOVE, AT A POINT 350

PACES NORTH AND 150 PACES WEST OF THE N. % COR., SEC. 21, T. 4 S,
R. 18 E. PHOTOGRAPH BY E, S. PERRY.

BASAL GRAVEL MEMBER

The bottom of the formation is usually a coarse, irregularly bed-
ded, heterogeneous mass of waterworn boulders, cobbles, and
gravel which range in size up to a foot in diameter. These materials
are ordinarily unconsolidated or only loosely held together by a fri-
able, ferruginous, sandy, cementing material but in some places the
boulders and gravel are cemented into a massive, hard conglomer-
ate. This basal member is often found to be only a few feet thick,
sometimes it is wanting entirely, but it may be, and usually is as
much as 50 feet thick or even more. It weathers into rounded
hillocks and U-shaped valleys with 50 feet of relief where best de-
veloped.
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All about the large inliers of Jackfork sandstone (High Hill
Mountain and Signal Mountain) in the western part of the area the
boulders are almost wholly of Jackfork sandstone, derived from the
Jackfork formation in the immediate neighborhood. Farther east
the gravel and boulders are largely of sandstone, quartzite, chert,
novaculite, and vein quartz derived from the resistant formations
of the older Paleozoics in the mountains to the north. The per-
centage of each kind of gravel to the whole is greatest nearest the
source of the respective materials.

There is a tendency for the larger boulders, mingled with cer-
tain amounts of smaller pebbles and gravel, to occur more or less
locally in patches to westward indicating that they have not been
moved far from their source of origin and that they were formed
in front of rocky headlands or sea cliffs in the Trinity ocean. Sig-
nal Mountain and High Hill Mountain (T. 4 S., R. 19 E,, and T.
58S., Rs. 19 E. and 20 E.) were islands in the Trinity sea. Some of
the largest blocks, up to a foot in diameter, were noted around the
east end of Signal Mountain. In this locality the boulders are sub-
angular to sharply angular and in places may be found cemented
with ferruginous yellow sand containing pebbles and gravel.

South of Sobol (200 paces north of the center of sec. 5, T.
5 S, R. 20 E.) there is a mass of conglomerate and
ferruginous sandstone forming a hill twenty feet high.
The boulders are of Jackfork sandstone some of which
are rounded, but the majority of them are angular and
were apparently moved but a short distance before they came to
their final resting place. The average size of the pebbles here is
from 2 to 3 inches, but there is much of the smaller gravel in the
mass and some few large boulders. Ferruginous sandstone ledges
appear at the base of the hill, below the conglomerate, but how
extensive these sandstone ledges are is not known.

Where the Trinity lies in contact with the Stanley shale forma-
tion in the valleys of Turkey Creek and Little River (T. 4 S., R. 20
E. and T. 5 S,, R. 21 E.) the boulder beds are very unevenly de-
veloped. In the western part of this particular strip of country only
small patches of boulders are found and it would seem that over con-
siderable stretches there are no boulders at all at the base of the Trin-
ity. Approaching Little River however, vast quantities of boulders and
pebbles are encountered and from this point eastward into Arkansas
they are practically everywhere in evidence. It is believed that
they attain their maximum development to the east owing to the
large amounts of novaculite, chert, vein quartz, and quartzite which
are so widely exposed in that direction.

The large outlier of Trinity located in the southern part of T.
4 S.,, R. 27 E. and in the northern part of T. 5S.,, R. 27 E. is a fine

© PLATE LXVL

B. VIEW LOOKING WEST FROM A PO

INT 200 PACES SE.
COR., SEC. 21, T. 4 S, R. 18 E. SE. OF THE N. %

Timber covered gravel hills in the distance occurring at the base of the
Trinity sand, In the foreground is a.flat area of sandy gravelly loam, and
feather edge of the Trinity formation, reworked and aggraded by recent
wash from the hills.
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yellow sand with locally a little small gravel showing. It overlies
the Paleozoic rocks directly without a boulder bed beneath. In
the general region around about there are small amounts of gravel,
up to 1 inch, scattered on the slopes and hill tops, some of which
at least, is regarded as Trinity gravel. Elsewhere also there are
patches of gravel and boulders, but the discussion relative to them
will be taken up under the subject of Physiographic History (p. 263).
FERRUGINOUS SANDSTONES

In general the boulder and gravel beds at the base of the Trin-
ity pass upward into soft, friabie sandstones or loosely cemented
sands of a straw yellow color. Intercalated with these locally are
minor amounts of red clay and thin lenticles of gravel. In the west-
ern part of the area hard, richly-ferruginous sandstones are found in
certain places and because of their unusual character they deserve
some special mention.

These have been noted especially in the vicinity of Corinne and
Sobol (in Ts. 4 and 5 S., Rs. 19 and 20 E.), only a few feet above
the gravel member in the yellow sands, but they occur farther west,
also outside the area under discussion and sparingly to the east,
north of Slim (in T. 5 S., R. 21 E.)

One mile east of Corinne (in the center of sec. 26, T. 4 S, R.
19 E.) these sandstones are well developed and they are resistant
enough to form a low ridge striking in a northeast-southwest direc-
tion. The top of the ridge and the low slopes are covered thickly
with the loose blocks and slabs, which lie flat side down. These
appear to be weathering from layers interbedded in loosely consil-
idated or unconsolidated yellow sands for mo solid rock in place
could be found. They are hard, highly ferruginous, fine grained
sandstones of dark red and brown colors, very heavy, and locally
are taken by some of the residents in the region for deposits of iron
ore, but of course it is valueless as an ore on account of the high
content of SiO2 present.

The ferruginous sandstones assume many peculiar shapes, such
as stalactitic and botryoidal structures and thin curved sheets. Some
structures resemble moulds which might have, one time, contained
bits of wood. These forms are all concretionary in structure and
appear to have been formed by percolating waters carrying iron in
solution which working downward through loose sand was pre-
cipitated through the action of woody and other organic matters in-
terbedded in thin layers in sands. All the lines and markings on the
slabs are roughly parallel and the majority of them straight or
gently curved as though formed by the decay of woody matter.
Smooth, rounded, narrowly elliptical channels occur, the largest ob-
served being 2 inches by 6 inches by 2 feet. These may be the
impressions left by decayed logs and limbs, flattened by the weight
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of the overlying sands. The honeycombed and botryoidal, porous
masses of ferruginous sandstone have resulted from the precipita-
tion of iron oxide in loose sand.

Ferruginous sandstones similarly marked and with botryoidal
structure occur prominently also one mile north of Sobol (in the
SE. 14, NW. %4, sec. 30, T. 4 S, R. 20 E. and east). The layers here
appear to be lenses or disconnected masses in the sand. Caunks of
the rock have been thrown out of the railroad cut at several places
along the tracks in this general region. These blocks show the
common mammalary and botryoidal structures and some of the
material is in layers—one mammalary layer deposited over another,
each layer being one-fourth inch thick and sometimes there occurs
a vacant space between the layers. There is no doubt that the iron
was deposited as a chemical precipitate in the loose sand.

Again 500 paces south of the NW. cor., sec 9, T. 45S, R
20 E. and in the general region forming the hill top and covering
the slopes there is a great quantity of the ferruginous hard sand-
stone, having stalactitic and botryoidal forms and structures. In the
rock at this place there are what appear to be fragments of wood.
The sandstones are uniformly fine grained but farther west they
become conglomeratic and contain pebbles 2 inches to 4 inches
across. :

A few paces south of the NW. cor. sec. 18, T. 4 S,, R. 20 E.
the Trinity sand has weathered into mounds or rounded knobs and
U-shaped velleys with 25 feet of relief. The ferruginous sandstones
were noted here capping these rounded knobs, about 30 feet from
the bottom of the Trinity, but the interval between the ferruginous
sandstones and the bottom of the Trinity is very irregular.

LIMESTONES :

Beginning two miles northeast of Bismark (in the center of
sec. 35, T. 5 S, R. 22 E.) and continuing east in increasing thick-
ness into Arkansas there occurs, from 30 to 100 feet above the:
base of the Trinity, a thin limestone. At its most westerly outcrop-
ping the rock is a white, compact, dense, fossiliferous limestone
only about a foot in thickness embedded in red and pink clays. A
mile and a half farther east, (300 paces south of the W. 4 cor.
sec. 31, T. 5 S, R. 23 E.), the ledge is 2 feet thick, fine grained,
massive, and siliceous, and is underlaid by grayish-yellow marls and
overlaid by gravel and boulders. The ledge was next seen north
of Oak Hill (at the E. %4 cor. sec. 6, T. 6 S., R. 24 E.) where it
was found to be similar to the material noted 7 miles west. It is
here a gritty (siliceous) pink limestone, extremely fine of grain and
fossiliferous. Three miles farther east (300 paces west of the E. 4
cor. sec. 3, T. 6 S., R. 24 E.) the limestone ledge is 3 feet thick
and contains large oyster shells. One and one half miles north of
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the town of Broken Bow (at the W. 4 cor sec. 7, T. 6 S., R. 25
E.) the limestone appears in the road. It rests directly on the gravel
beds at this place and some of the gravel is cemented with the lime
ca'rbonate into a conglomerate. This bottom conglomerate, con-
taining variously colored pieces of vein quartz and flint, is in beds
6 inches thick, aggregating 3 feet. Above it are some soft calcar-
eous marls and red clays 12 to 15 feet thick followed in turn by rel-
apvel){ pure limestones. The limestones form conspicuous outcrop-
pings in layers over a foot thick aggregating 10 feet over all, and
are overlaid by red clays. The whole section from the bottom con-
glomerate ledge to the red clays at top is 35 feet thick. The lime-

PLATE LXVIIL

THIN BEDDIED LIMESTONES IN THE TRINITY FORMATION ABOVE THER
CONGLOMERATE, OUTCROPPING ON THE WEST BANK OF MOUNTAIN
FORK RIVER, IN SEC, 7, T. 6 S, R. 26 E

stones are very fossiliferous but the rock is so firmly cemented that
it is difficult to extract the fossils. In the vicinity of West Eagle-
town (300 paces south of the E. }4 cor. sec. 12, T. 6 S,, R. 25 E.)
the limestones appear again and can be followed east as far as
Mountain Fork River, one mile east. They were also noted west-
ward (300 paces west of the NE. cor. sec. 16, T. 6 S, R. 25 E.)

and could be followed for some distance east and west from this
point.
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The horizon is somewhat thicker in this township than any-
where else above noted.  (See plate LXVII). .

This limestone horizon continues east into Arkansas where
Miser and Purdue* have named it the Dierks limestone lentil and
where its thickness according to them ranges from 0 to 40 feet.
Miser and Purdue (op. cit.) have also given the basal boulder bed
a name, calling it the Pike gravel member, which they state to be
0 to 100 feet thick in Arkansas.

Near Little River (at a point 800 paces west and 250 paces
south of the NE. cor., sec. 25, T. 5 S., R. 21 E.) a limestone cut
by quartz and epidote veins was noted in one small outcrap on the
top of a hill almost covered with gravel and boulders. This outcrop
of limestone is only a few feet long; it is nodular and of greenish
gray color with a slight tinge of pink in one or two places. The
stratigraphic position of the limestone is not known but it appears
to be at the bottom of the Trinity. A similar occurrence of lime-
stone was found also north of Broken Bow (100 paces north of the
center of sec. 5, T. 6 S., R. 25 E.) where numerous loose boulders
were found all over the top of a little hill. The rock is of light
greenish gray color tinged with pink, is compact and more or less
nodular. It occurs at the very base of the Trinity but the occurrence
so far as noted is confined to the single location given. A thin
limestone conglomerate found in a well near the center of sec. 34,
T. 5 S., R. 23 E. between Paleozoic red shales and Trinity red clays
is regarded as a similar occurrence.

The writer has not had opportunity to study the upper beds of
the Trinity, but the coming in of the marine limestones in the eastern
part of the area would indicate more typically marine conditions in
that direction.

*Miser, H. D., and Purdue, A. H., Gravel Deposits of the Caddo Gap and De-
Queen Quadrangles, Arkansas, U.'S. Geol. Survey Bull 690-B, 1918.
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IGNEOUS ROCKS

Aside from the quartz-ortaoclase pegmatites and the hydro-
thermal carbonate replacements, both of waich are regarded as
igneous phenomena and have been described above, there is but one
other occurrence of igneous rocks in the region. This is a diorite
sill intruded into the Womble schistose sandstones about 4 miles
north of the village of Glover (in secs. 10 and 15, T.58.,,R. 23 E.)
The sill strikes N. 45° E. and dips 10° to 20" northwest parallel with
the dip and strike of the sediments at that place. It has been fol-
lowed from a point 250 paces south of the N. Y4 cor. sec. 15 where
small outcroppings appear on the hillside to a point about half a
mile distant northeast. The sill could not be traced continuously
at the southern end waere the thickness was observed to range from
2 to 5 feet but farther north along the west bank of a small creek
the sill thickens to 10 feet and it is here that the best exposures
occur.  Whether the sill continues any farther in either direction
could not be learned on account of the alluvial soils and abundant
float both northeast and southwest from the locality where it was
discovered,

In the hand specimen the fresh material is a very dense, tough,
hard rock of a light greenish gray color, having a medium to fine
grained granitoid texture and massive structure. It has been par-
tially replaced generally by a ferruginous carbonate, which occurs
as scattered rhombohedra up to 2 mm, in size. These weather to
a yellowish brown oxide of iron and are very conspicuous on a
partially weathered surface of the rock, but the exterior is usually
pitted, light colored, and chalky, owing to the complete weathering
away of the carbonate and to the kaolinization of the feldspars.

In thin section under the microscope this rock is observed to
consist essentially of andesine plagioclase occurring in multiple
twinned, tabular, interlocking crystals associated with which origin-
ally was a large percentage of ferromagnesian minerals, but the lat-
ter are now wholly destroyed and the cavities filled with a colorless
chlorite. The chiorite occurs in relatively large sized graing some
of which show the outlines of former crystals but much of this min-
eral is scattered permiscuously, as small ragged flecks and scales,
everywhere. Rutile also occurs as a reorganization product dis-
tributed in bunches over certain areas as though it had come from
some particular mineral. Some of the carbonate present may be an
alteration product, but in the main it seems to be introduced carbon-
ate. The rock contains very little alkalic feldspar and no quartz
and should probably be called, therefore, a quartz-free dorite.
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Following is a chemical analysis* of some of the freshest of th
material from the diorite sill:

ANALYSIS
Si100 o e 47.44
Alo0s e 16.59
FE208 oo e e e e e ————— e — o — e ——— 0.00
Fe0 e — 4.87
MEO0 e 8.29
Ca0 o e ———————————— 6.02
Nas0 e e 5.84
KeO o e __ e ———— 0.53
HoO—— o e e 12
HoO+ e c—————— 3.97
Ti02 o e e e e 886
[ . SN 5.65
P05 e e e A3
S08 C o e e e 0.00
MnO e 0.10

100.436

On acount of the much altered condition of the rock it doe
not seem worth while to attempt a recast of the analysis,

*Shead, A. C., Chemist, Okla. Geol. Survey, analyst.
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STRUCTURAL GEOLOGY
GENERAL FEATURES

The area under consideration in this report lis in the heart of
the Ouachita Mountain Physiographic Province, in a region, whose
general structure is typically Appalachian. All types of folds and
faults occur in this region and they are multiplied, large and small
together, in numbers almost infinite,. There have been igneous in-
trusious and hydrothermal action, and locally, so great has been the
regional metamophism as to baftle all human endeavor at an elu-
cidation of the structure.

A complete discussion of the structure as known, especially
that part pertaining to an explanation of it, involves not only the
origin of the whole Ouachita Mountain region, extending from
Atoka, Oklahoma to Little Rock, Arkansas, but concerns the prob-
lems of sedimentation and structure in the Arbuckles, in the Wich-
itas, in the Arkansas Valley, and in the Ozarks., It may be that cer-
tain structures in Texas may also have to be called into the discus-
sion before all is known about the particular region in question. It
is not within the scope of this report, however, to discuss at length
the problems of orogeny of all these various provinces, but to ex-
pound the local structure of the southern Ouachitas. In the pages
whaich follow, therefore, the writer will confine himself strictly to
that region.

As may readily be observed from a study of the areal geology,
this is a region of general uplift, whose major structural features are
two anticlinoria separated one from the other by a synclinorium.
The axis of the larger and more southerly of the anticlinoria, known
as the Choctaw anticline, emergas from the Cretaceous cover at
Glover, (sec. 33, T. 5 8., R. 23 E.) striking N. 45° E., continues
northeast for about 12 miles, then swings gradually east to south-
east for 6 miles furtaer, giving place finally to a large normal (?)
fault at the southeast corner of T. 4 S., R. 25 E. The axis of the
other or more northerly of the anticlinoria, here-in-after known as
the Cross Mountains anticline, originates with the west end of the
Cross Mountains, (in Sec. 28, T. 2 S, R. 24 E.,) and is projected
slightly south of east, almost due east, for 18 miles, thence into
Arkansas for 12 miles. The axis of the synclinorium, for which the
writer will adopt the name Linson Creek, from the creck by that
name, extends from a point west of Sherwood (sec. 6, T. 3 °S., R.
24 E.) slightly south of east to the center of T. 3 S, R. 26 E,
thence east to the Oklahoma-Arkansas state line, where it may be
regarded as coming to an end.

Miser, in his report upon the manganese deposits of the Caddo
Gap and DeQueen Quadrangles (U. S. G. C. Bull. 660-C, p. 71)
states that the Cross Mountains (in Arkansas) constitute the east
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end of the Choctaw anticline, which is, he says, the most prominent
fold of the Ouachita region in Oklahoma. It is obvious, from his
statement, that he spoke of the region in its entirety as a single anti-
clinorium and applied to it the name Choctaw anticline. He did
not, however, at the time, know the details of the geology in the
Lukfata quadrangle. The writer finds that there are two anficlinoria
and one synclinorium, instead of one anticlinorium; and has, there-
fore, restricted Miser’s term, “Choctaw Anticline,’’ to the larger fold
and uses the term, “Cross Mountains Anticline,” as applying ex-
clusively to the Cross Mountains.

CHOCTAW ANTICLINORIUM
CENTRAL CORE
GENERAL

In the central part of the Choctaw anticlinorium, and here only,
are encountered the oldest rocks exposed in the region, namely the
Collier shale, Crystal Mountain sandstone, Mazarn shale, Blakely
sandstone, and Womble schistose sandstone, having altogether an
estimated combined thickness of at lzast 3,500 feet, and covering
an area of approximately 100 square miles. With the exception of
the Crystal Mountain sandstone these rocks are all soft and thin
bedded materials, and they have suffered so tremendously from the
shearing stresses and pressures which have been brought to bear up-
on them, and are, moreover, so generally poorly exposed because
of their non-resistant character that their stratigraphic as well as
their structural relationship is much obscured. The uncertainty of
the correlation of this series of beds, has already been pointed out.
It is not known positively for instance, to what extent the Collier
shale crops out within this limited area, nor whether the Crystal
Mountain sandstone pinches out in a northeasterly direction or is
buried beneath the slates along Mountain Fork River. It is not
known for certain either, whether th: Mazarn shale and Blakely
sandstone are so limited in their distribution as has besn indicated on
the map. Obviously until more is known of the stratigraphy of this
central core of old rocks not much can be said definitely of its struc-
ture.

The bedding in many exposures of these ancient sediments is
not discernable, and such observations of the dip and strike as it was
possible to make are so at variance with one another as to lead only

“to great confusion. The schistosity is also irregular, but of course
much less so than the bedding. Although not worked out in detail
it seems only reasonable to assume, judging from the areal distribu-
tion of the Crystal Mountain sandstone, that the whole central mass
was, so far as the major structural features are concerned, only
gently folded. The southeast portion of T. 5 S., R. 23 E. seems to
be essentially a broad, shallow syncline; the central part of T. 5 S,,
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R. 24 E. might be considered also synclinal; but taking into account
the surface configuration and drainage farther north the remaining
exposures of Crystal Mountain appear to lie almost horizontal.

Th: shaly formations, on the other hand, both above and be-
low the Crystal Mountain sandstone have been crumpled into drag
folds on the flanks of the larger structures, and smaller folds have
developed on the sides of these, with still others between the sandy
layers of the last and so ad imfinitun even unto microscopic sizes.
The drag-folds often form S-shaped outcroppings. They may plunge
in any direction and any amount, and may be of any size, commen-
surable with the thickness of the shale mass in which they are de-
veloped. Thus the dip and strike of the bedding, over a consider-
able area, may rangz through all points of the compass. In other
words the slates, etc., composing the central core of the Choctaw
anticlinorium do not seem to have suffered so much from lateral com-
pression as from an overriding by the superjacent formations. The
now eroded Bigfork chert and succeeding heavy resistant beds must
have moved bodily over the Womble schistose sandstone, while the
Crystal Mountain sandstone skidded over the Collier shale, or “float-
ed” at it were in the shales above and below it. A movement of ihis
kind resulting from a thrust from thz south will explain all the facts,
the most important of which are:

1. The sharply folded, overturned and broken condition of
the Bigfork chert and all the later formations now exposed on the
flanks of this great uplift representing a shrinkage or shortening of
the earth’s crust in this region of several miles.

2. The prevailing north, northwest or northeast dip at steep
angles of all the resistant rocks on the flanks of the structure, a con-
dition which can result only from an overlapping and piling up
of s'rata, moved forward from an adjoining locality.

3. The north, northwest and northeast dip of the schistosity in
the central, western and eastern parts respectively of this core of
old rocks which are the shearing planes resulting from relative lat-
eral movements of beds, such movement having come, as will be
pointed out later, from the south. There seems to have been a ten-
dency for the west end to drag or resist ~this movement for the
schistosity here has swung around to westward and is dipping at an
cngle of 25 degrees due west. .

4. A manifold development of dragfolds, fold on fold, in all
the soft and thin bedded materials which result from the rotary
mev:ment in the shales, developed through the differential move-
ment of resistant formations, or hard layers in the formations
either cide of the shale masses.

5. The presence of boulder beds in certain localities, develop-
ed as a result of intense crumpling followed by a mashing down,

A VIEW OF A PART OF THE POLK CREEK SHALE BLUFF ONE-FOURTH MILE NORTH OF THE S. % COR. SEC. 27, T.

tnt planes crossing them. The joints strike
the mass. (See also Plates XXI and XXIIL.)
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west and dip uniformly to the south at an angle of about 70° throughout

Note especially the acute angularity of the folds and the prominent set o
east-



218 STRUCTURE

pulling to pieces and rolling or dragging along of these folded lay-
ers, a process which is not only suggested, but absolutely proved by
the slikensided and striated surfaces on the pebbles, their pinched
off or dragged out ends and their occurrence—thinly distributed in
slate.

6. The presence of siriations, slickensides, and crush-zones
among the harder layers, and among the softer ones of slate, some
of which, taking the other factors into consideration, must have
been caused by thrusting.

There are, no doubt, also untold thousands of small faults
within this central mass providing displacement however slight, is all
that is required in the definition, for all the harder beds have moved
at least a trifle on their respective cushions of shale. A missing for-
mation should, therefore, not be taken too seriously to mean a dis-
conformity. It might be overridden.

If the sediments in the general region under consideration ac-
cumulated in a gradually subsiding trough which was later raised out
of the water and folded, as appears to have been the case, it is pos-
sible that still other movements may have taken place in these
ancient slates and schistose sandstones. There is evidence in the
coarseness of the materials of which the Crystal Mountain sand-
stone is composed, and certain horizons in the other formations of
the Collier-Womble series, that the sea was shallow at times during
the period of early sedimentation. There is evidence also that this
area of sedimentation subsided, later, some 18,000 feet to receive
the younger formations now at the surface on the flanks of the anti-
clinorium. The question is, What happened to the early deposits
during the period of subsidence? The beds of shale, especially,
must have been, or might have been, depending on the nature of the
subsidence, greatly attenuated, and if so there must have been a
horizontal movement of some beds over others, developing schisto-
sity at this time. It is possible that the sandstone beds were pulled
apart or jointed into blocks by the same movement. The rocks
which are at the surface now in the center of the uplift have an ele-
vation above the sea of about 500 to 750 feet. They are not far
from the elzvation, then, at which they were deposited. ‘They have
been bent downward 18,000 feet and back up 18,000 feet—two
movements—each of which is capable of producing, equally well, a
slipping of beds and the development of drag folds. Solefluction
would result in the slimes and muds to some extent as the progres-
sive processes of accumulation of muds and subsidence of the area
went on, but inthe buried sediments a more genuine schistosity might
result. The leaves of a book will glide past each other just as
surely by bending it one way as another and there is no reason to as-
sume that some of the structure in the Collier-Womble series is not
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the result of solefluction and down warping as well as of upward
bending and thrusting.

During the period of uplift, those sediments in the upper part
of the trough would suffer least, especially if they were sandstones
like the Jackfork formation. The younger strata would tend to ride
out of the sea on the backs of the anticlines beneath, which were
developed in part by virtue of the weight of these overlying sedi-
ments. As a result of the combined upward thrust from beneath
and the gravity of the overlying beds pressing downward, the whole
middle portion of the accumulated sediments would crumple into
tightly compressed folds accompanied by more or less faulting. The
bottom beds, made thin by attenuation when they were lowered to
the bottom of the trough by subsidence, would again be brought to
their original thickness and fotmer position relative to sea-level. If
they happened to be shales and other thin bedded. materials very
largely, as is the case in the present instance, and if they happened
to be overlaid by relatively resistant and thick bedded materials, as
is the case in this strucure, there is very little doubt but that the
overlying resistant rocks would crumple and glide over the soft
slates in depth, so that by the time the bottom formations reached
the surface they thems:lves would have reached horizontality again,
but for the drag-folds developed in the shales as a result of dragging
the harder beds over them on the way down and again during the
upward journey, with emphasis on the latter movement. Moreover,
the crumpled middle portion of the geosyncline (the Bigfork-Stan-
ley series in the Chociaw anticlinorium) would have moved, in part
at least, bodily over the quite fluid slate bzneath, the bottoms of the
Bigfork chert synclines scraping across the slippery Womble schis-
tose sandstone.

GLOVER FAULT

A fault line has been drawn from the centersof sec. 28, T. 5 8.,
R. 23 E., northeast for 12 miles to the west range line of sec. 18,
T. 4 S, R. 25 E. between the Womble schistose sandstone on the
north and some black slates (Collier?) on the south. This is an
assumed line of displacement which for convenience of reference
will be known as the Glover fault. Three formations are missing
along this line if the correlations as made, are correct, and it is
argued, therefore, that one of two conditions exist: either there is a
fault or there is an unconformity. Since the line of contact between
the Womble and Collier is straight and since it passes straight ir-
respective of the folds which approach it on the west the omission
must be due to faulting rather than to unconformity or disconform-
ity. There is an abundance of milky vein quartz in many places
throughout the full extent of the fault, but as there is an abundance
of quartz in general throughout the shale mass to the south this sig-
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nifies nothing in particular. Brecciated, red sandstones (Womble)
were noted in one place, (near the W. ¥4 cor., sec. 32, T. 4 s, R.
24 E.). Usually the country south of the Womble sandstone is flat and
overgrown with brush concealing from view all the direct evidence

of faulting.

Whether this fault is a normal fault or the reverse becomes also
a question of theory. It is regarded as normal on the assumption
that the dip of the fault plane should coincide in direction wita the
dip of the bedding. The downthrow side is on the north side and the
dip of the bedding planes is to the north alsq, hence it is assumed
that the fault plane dips north. At the same time the opposite view
that this is a thrust fault must be respected, for it is conceivable that
the whole mass to the south could have been thrust northward over
and upon the Womble shale, in which case however, the fault plane
would lie across the schistosity, which dips to the north. This does
not seem consistent. The Glover fault, therefore, seems to fit the
associated structural conditions best if it be regarded as normal. ~Its
age would then perforce have to be subsequent to the period of fold-
ing for normal faulting could scarcely take place during a time of
thrust. However, to place the date of the fault more definitely than
post-Paleozoic seems impracticable. _

LOWLAND3 ANTICLINE

In the center of T. 5 S, R. 23 E,, the Blakely sandstonz and
Mazarn shale appear at the surface as a tightly compressed series of
folds whose structure in detail is very complicated, but in general is
anticlinal. Because of the low relief throughout the general region
the name Lowlands anticline is applied to the structure. "The writ-
er’s interpretation of the outcroppings appears on the map, but this
should be looked upon as not final. In the center of this mass the
bedding is almost vertical and strikes northzast, while the planes of
schistosity dip 25 degrees west and strike due north. It is difficult
to understand the orientation of the planes of schistosity in this local-
ity. It was intimated above that this part of the structure had been
dragged around. The schistosity in the rock may have been de-
veloped before the mass had been gragged into its present position—
conceivably in the early part of the same movement. The strike of
the schistosity farther south and south-east is also north-south.

CONCLUDING STATEMENT

The writer is fully aware of the fact that much more time
and intensive study must of necessity be given this gnarled and knot-
ed mass of old slates and schistose sandstone in the heart of this
great structure, before its history and structure can be untangled.
The present discussion is his understanding and interpretation of the
data now at hand.

PLATE LXXIV.
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WEST FLANK
GENERAL

On the flanks of this large upfolded central mass, succeeding
the Womble schistose sandstone, are found th: Bigfork chert and
Polk Creek shale (Ordovician), the Blaylock sandstone and Mis-
souri Mountain slate (Silurian), the Arkansas nevaculite (Devon-
ian) and the Stanley shale (Pennsylvanian?), whose structurs,
thanks to the cherts and novaculites, is more definitely known.

On the west flank these later Paleozoics are folded sharply in-
to a number of overturned anticlines and synclines which plunge
gently west-southwest and dip to the noith at an average rate of 45
to 60 degrees, the folding teing sharper in the softzr Stanley to the
north.

OPAE SYNCLINE

In the southeast corner of T. 4 S, R. 23 E., and extending
northeast and southwest into the adjacent townships, there occurs a
large overthrust syncline which is essentally a deep, narrow trough
of Bigfork chert, 8 miles long, somewhat ruffled in the bottom but
lined with Polk Creek shale, and holding within its interior an out-
lying mass of Blaylock sandstone and Arkansas novaculite. The
Bigfork chert alone is attached to the main line of outcroppings en-
circling the central mass of the structure. The axis of this syn-
clin2 strikes N. 60° E. and the strata dip from 20 to 40 degrees
north in both limks of the fold. Thais is a very unusual structural
feature for this region, for there is not another like it in the area.
There are inlying anticlines, several of them, but no oth:r outlying
synclines of importance. It is a sag on one side of the main struc-
ture, and one of no small size. It will be referrzd to later as the
Opah syncline, from a one time Opah settlement in sec. 34, T. 4 S.,
R. 23 E.

To the southwest in T. 5 8., R. 22 E., in alignment with the
structure just dascribed but separated from it by a bulge in the
Womble in T. 5 S., R. 23 E., is the continuation of this synclinal
axis. The fold is here more tightly compressed and only the Big-
fork chert is pinched into the trough. It is less than a half mile
wide but it is deep and the rocks dip 40° N. )

OTHER STRUCTURES

A narrow belt of Womble sandstone less than half a mile wide
lies to the north of the Opah syncline, and a similar but larger mass
to the southwest, along the strike szparating this belt of downfold-
ing from the main belt of Bigfork and later rocks outcropping to the
north in a direction about N. 60° E. This is an overturned anti-
cline dipping about 35° N, No name has been given to it.

The main belt of exposures of thz Bigfork chert, Polk Creek
shale, Blaylock sandstone, Missouri Mountain slate, and Arkansas

WES T AND 300 PACES NORTH OF THE S. % COR., SEC. 34,
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novaculite striking N. 60° E. from sec. 29, T. 5 S., R. .22 E, to sec.
13, T. 4 §., R. 24 E,, some 18 to 20 miles, 1as not-been severely
crumpled. It strikes across country pretty uniformly:and is in th2
main per se a monocline. The novaculite, however, has been folded
in two or three places quite sharply along this line. In sec. 12, T.
5 8., R. 22 E. it makes a very peculiar turn and one which is worthy
of special mention. This is a small narrow anticlinal fold one mile
in length which arises suddenly and very unexpectedly from the
steeply dipping monocline, and is odd, not only because it is short
but because it is isolated and because its axis trends almost due west,
altogether out of harmony with the general trend of other struc-
tures in the general locality. The fact seemed so unreasonable and
out of joint at first that the ground was gone over a second time in
an endeavor to find some possible error, but none was found. The
rocks dip 65° N. generally, in this anticline, but are vertical at the
west end, where a fault is in evidence. Only the middle and upper
portions of the novaculite reach the surface in this short spur.

A mile or two to the northeast, in the valley of Glover Creek,
there are other folds in the novaculite, but these are more in keeping
with the general structure of the region and are perfectly normal de-
velopments of the thrusting movement. Their axes trend in the
same direction as the axes of the dominating folds and they are
tightly compressed. Their position to westward of the Opah syn-
cline and north of the Lowlands anticline would seem to be signifi-
cant, for there is a shortening of the earths crust in both the Opah
and Lowlands structures. If the thrust camz from the southeast in
this particular locality there should be an area between tiese two
folds which was not foreshortened. The bulge in secs. 4 and 8 of T.
5 S., R. 23 E. is not sufficient to account for all of this, but it is taken
up and disposed of compleately in the folds in the novaculite farther
north. If the wave had not been halted at this place it would have
been carried over and incorporated in the folds in the Stanley.

In the Stanley shale area beyond, northwest, the crumpling is
most intense. Throughout the whole area in this direction (T.4S.,
Rs. 22 E. and 23 E. and T. 5 S., R. 22 E.) the strata dip almost in-
variably to the northwest at angles ranging from 15° to 90° but aver-
aging about 45°." It was found impossible to discover and map all of
the folds and faults in this area, but an idea of their number and com-
plexity may be had from the distribution at the surface of the bed
of tuff which occurs near the base of the Stanley. The outcrop. of
tuff swings smartly back and forth in rapid succession to form long
parallel ridges. Small bits of it (synclines) have been pinched in on
the east side of the main line of exposures and back-bones of it (anti-
clines) project on the west. In general all the westward projecting
points in the main line of exposures are anticlines and the eastward
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projecting re-entrants, synclines, but faulting must also have brought
about some of the discontinuity of the tuff exposures. It is 1mpos-
sible to trace these however, and in no case is the writer positively
sure that faulting has occurred in the Stanley. .

The repeated occurrence of the tuff bed, a score of times in
Glover Creellz valley, even as far north as the top of T. 4 S.,R. 23 E.
is proof of the fact that the Arkansas novaculite is not far })eneath
the surface, possibly 300 to 500 feet more or less, over all this town-
ship and elsewhere where the tuff appears at the top of the ground,
The structure in the base of the Stanley, moreover, Is a fairly good
indication of what may be expected in depth in the novaculite, for
eastward of the Stanley exposures, in the northern half of T. 4S., R.
24E., one may observe at the surface just what has happened. The
novaculite is as tightly folded as is the Stanley to the west and there
is no reason to assume that the buried novaculite in Glover Creek
valley should look any different.

Even as far west as Alikchi and Ringold, in the valley of Lit-
tle River the intensity of the pressure must have been almost as great
as in the valley of Glover Creek, judging from the dip of the sand-
stones at the surface in that part of the country. The strata stand
vertically in numerous localitizs and the average dip seems to be be-
tween 50° and 90°, but there are certain places where this high dip
is directed to the south, pointing to deep and narrow but normal syn-
clines. Neverthzless there are localities also where these folds are
overturned and dipping north. The tightness of the compressibility
must be judged from the uniform strike and steep dip of the bedding.
A south dip in places should be expected at any rate, even with a
pressure equal to that in the: Glover Creek country, owing to the
greater resistance of the sandstones in the upper part of the Stanlzy
over the more shaly and thinner bedded strata of the lower Stanley.
Occasionally a south dip of the bedding may be seen also in the latter.

It is impracticable to attempt to outline even in a gen.er.al way
the axes of the folds in the valley of Little River, for there is no key
rock which can with safety be relied upon as depicting the structure
in this region. The tuff bed which is the only reliable guide in the
Stanley is deeply buried in the Little River country. An abundance
of vein quartz appearing in a broad zone through the central part of
T. 4 S., R. 21 E. and a similar occurrence of quartz south of Alikchi
would indicate, possibly, some faulting in these two regions. Some
of the larger folds would presumably fall in" alignment with the axes
of the known folds farther east providing they extend that far. Sim-
ilarly the axis of the Hugo syncline and Corinne anticline to the west
(to be described below) should be considered as having their infl.
ence south of Ringold, and north of Ringold, respectively.
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Returning farther east to speak of the folds and faults in the
northern part of T. 4 S, R. 24 E. and in the southern part of T. 3

S., R. 24 E. one is immediately struck with the unusually narrow
and tightly compressed condition of the folds, which are so crowded
and jammed against one another and so numerous as to make it im-
practicable to speak of them individually. Such structure can come
only as a result of most unusual and extreme lateral pressures. This
whole belt seems to have been caught and firmly held between a
powerful thrust on the one side and a rigid resistance on the other,
which two forces slowly closed upon it, like the jaws of a great vise,
and subjected it to a powerful squeeze which doubtless  acted
through a long period of time. The locality seems to have
been in a direct line between this thrust and the resistance, and to
have been caught squarely between the two forces with no chance
to get away. However, under these conditions some slipping of the
strata (faulting) might occur, and this brings us to the question:
Are the faults in this general region normal or reverse? There are
about half a dozen of them in secs. 4 to 8 inclusive of T. 4 S., R.
24 E. and three or four more farther north in the lower row of sec-
tions of T. 3 S., R. 24 E. In all these instances, for it seems best
to speak of them collectively, the downthrow side is on the north
side, the strike of the fault plane is, in general, east or slightly north
of east, parallel with the strike of the bedding, and there is a ten-
dency for them to be en échelon. In this general region the pre-
vailing dip of thz"bedding is to the north from 30° to vertical and if
we assume, as heretofore, that the fault plane should dip in the
direction of the bedding these should all be normal faults, It seems
that a force which produced a series of thrust folds or overturned
folds tilted uniformly to tae north throughout could not at the same
time produce a serics of thrust faults with the fault plain tilted in
the opposite direction, and they are not undzr thrust faults with the
fault plane dipping to the north because the north side of the fault
is the down throw side. It seems more reasonable to think of these
faults as having been produced at some later period as the result of
tension, and in as much as the region has bezn uplifted several hun-
dred feet since Creataceous times it is very likely that the faulting
took place during that time.

It is significant that the faulting should occur just at the place
where the strike of the strata and the trend of the folds clianges
from due west to southwest. The result is that the noses of the
westward and southwestward plunging novaculite anticlines are
chopped off in several instances. Those that have not been trunc-
ated by faulting have been bent in a southwesterly direction. Flis
is th: most natural place in which to expect faulting, for this whole
block of Siluro-Devonian rocks (the northern part of T, 4 S., R. 24
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E. and the southern part of T.3S.,R.24E.) appears suddenly and
unexpectedly, like a great bay-window, on the side of the structure.
A general uplift, especially if accompanied by some straining or
twisting, which would be most sure to take place, would surely shat-
ter any such projecting addition. Also the more tightly squeezed
and compacted tie area the mor: easily normally faultad, subse-
quently, that is evident. Their ¢n échelon arrangement or relation-
ship to one another is an indication that they are tension failts and
not due primarily to compression.

These faults, no doubt, continue southwest into the basal por-
tion of the Stanley. Two or three of them have been drawn on the
map a mile or two in that direction, but it is an impossibility to iden-
tify faulting, no matter how great the displacement, in the Stanlzy.

Along the fault in the center of sec. 6, T. 4 S., R. 24 E. the
rocks have been saturated with siliceous solutions which appear to
have gained egress along the crush-zone. Southwestward one half
mile the slope north from the top of th: mountain where the fault
line occurs, is usually long and gentle and covered with rather

_ fine bits of shattered flint as direct evidence of the fault. In the

northern part of sec. 32, T. 3 S., R. 24 E,, the crush-zone in the
novaculite, rusty and dingy with age, may be followed along for
some distance at a low elevation, tut the fault plane itself is not vis-
ible. Elsewhere in this particular quarter the faults are recognized
by the omission of formations and parts of formations.

NORTH-CENTRAL PORTION ’
North of Hochatown in the northern part of T. 4 S., R. 25 E.
a great knot of Bigfork chert several square miles in extent, crum-
pled, and folded, is raised bodily out of the depths. It is a series
of four or five northward dipping, overturned anticlines and as many

synclines whose axes strike nearly east-west and plunge eastward on.

the east side of the chert mass and westward on the west side, bz-
neath younger beds. The whole series of folds has been mashed to-
gether and the tops of the anticlines eroded. The edges of the pro-
jecting strata dip to the north from 20° to 45° over practically the
entire surface. Rocks dipping to the south are rarely seen in this
region, It is from the areal distribution of the exposures only that
the details of the folding may be ascertained. The mass a$ a whole
has suffered the same compression and metamorphism practically as
has the mass of younger rocks adjoining it to the west and was
caught in the same vise at the same time. Faulting in the Bigfork
chert mass is not so common as in the novaculits, however, or if it
is, is has not been discovered.

One fault does occur in the Bigfork chert which extends from
the center of sec. 16, T. 4 S., R. 25 E. to westward about 4 miles.
It ail but severs th2 great mass of chert north of Hochatown from
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the outcroppings southwest. Throughout its length the Polk Creek

shale is faulted out and in the middle of the line the Bigfork chert
is practically all below ground so that the Womble shale is almost
in contact with the Blaylock sandstone at one point (at the west
range line of this township). As further evidence of this fault
should be mentioned-a fault valley, occurring in sec. 17, traversing
the Bigfork chert. The chert formation appears in the valley and
on the slopes of the sandstone ridges either side, but not on top of
the ridges, which constitutes a notable exception to the general rule.

‘A narrow strip of black chert, accompanied by vein quartz, locates

the fault one-fourth mile north of the center of sec. 18. Here, as
with the Glover fault to the west, the downthrow side is on the north
side and is thought to be a normal fault. It was, no doubt, produc-
ed at the time of origin of the Glover fault and the two may unitz in
depth although at the surface, they fail to join by about half a mile.

In the northeast corner of sec. 1, T. 4 S., R. 25 E. and striking
west-northwest and east-southeast into the adjoining townships, the
Bigfork chert appears again, as a double anticline folded back upon
itself and dipping north at an angle of about 40°. The outcroppings
are about 3 miles long by half a mile broad. Still further north
(secs. 25 to 30 inclusive, T. 3 S, R. 25 E.) is yet another anticlinal
ridge of Bigfork chert.

" This also is a double anticline at the east end, but gives place
westward to a single structure. t, too, is doubled back upon itself
so that the two flanks come together and dip to the north at an
angle of about 45°. The outcroppings are 5 miles long and a half
mile broad. ,

These chert masses are, of course, clothed in a soft black man-
tle of the Polk Creek shale, which was dragged and rolled during the
period of folding into a very complex structure. The Bigfork chert
was resistant and, barring a few undulations of the bedding, it fold-
ed more or less simply, but the Polk Creek for complexity of.folds
can have no equal and dzfies description. However, ‘some idea of
the extent and character of it may be had from the photographs.

Between these Bigfork anticlines and interfingering on their
margins are deep, complicated troughs, jammed full of Blaylock
sandstone. The major structure lines are very accurately depicted
to either side of the central chert masses by the long synclinal
tongues of novaculite which interdigitate with the anticlinal axes of
Bigfork chert, but the Blaylock is shaly and thin bedded—a large
part of it—and its internal structure is” complicated indeed. (See
Plates LXVIII, LXIX, LXX, LXXI, LXXII and LXXIII).

There are dragfolds in all the softer strata; the simplest troughs
are crumpled on their flanks; schistosity is common throughout.
From Hochatown (in the center of T. 4 S,, R. 25 E.)) north
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for six miles to Linson Creek (in the center of T. 3 S., R. 25 E.)
and as far east or west as.the Blaylock is exposed, approximately 10
miles in either direction, the Blaylock sandstone, and other rocks in-
volved in the folding as well, dip to the north, sometimes as low as
15° but ordinarily 45° to 50° and frequently 60° to 70° or more.
It is a most wonderful series of thrust folds and one cannot help
marvel at the force required to crumple it.

It is not deemed worth while to name and describe individ-
ually all the folds in this locality. This would be an irksome task,
and to no useful purpose. The structure is essentially the same in
all and thzir character and relationship to each other can best be
had by a study of the photographs and structural cross sections.

EAST FLANK
GENERAL

On the east flank of the Choctaw anticlinorium there are, all
told, fifty thrust folds (anticlines and synclines) in the upper Ordovi-
cian, Silurian, and Devonian rocks. These are clearly shown by the
zigzag outcrop of the Arkansas novaculitz, without which it would
be impossible to map them, but with it all the little kinks can be
traced. The axes of all these folds have a common direction east-
southeast as they plunge benzath the Stanley shale from the axis of
the main structure. The dip of the strata throughout the series from
sec. 2, T. 6 S.,, R. 24 E. to sec. 31, T. 3 S, R. 27 E., is north-north-
east 30° to 60° generally, but there is herz and there some further
variation both in amount and direction of the dip. The compression
or intensity of the folding seems on first thought to have been great-
est in the extreme southern part and in the northern half with lesser
pressures evidenced in the south-central part (T. 5 S.,, R. 25 E.),
but a part of the apparent variation in the intensity of the folding is
due, no doubt, to the steeper plunge of tha structures in the south-
central part, for any given fold truncated at a steep angle will yield
a less crooked and shorter intersection (or line or outcrop) than if
cut at a small angle. The folds in T. 5 S., R. 25 E. have a steep
plunge, are truncated at a steep angle, hence produce a shorter and
less sinuous line of outcrop which in turn would indicate apparently
l12sser compression. The limited distribution of the tuff bed in the
overlying Stanley in this region and its proximity in outcrop to the
exposures of older rocks as compared with the area north-east is
abundant evidence of the steeper plunge of the structures. [t is also
true, as a result of the steeper plunge, that the more resistant beds
(the Bigfork chert and the Arkansas novaculite in particular) lay
deeper in the earthin T. 5 S., R. 25 E. and offered, therefore, great-
er resistance to the forces of compression than elsewhere so that
even with intense pressure there should not be the severe crumpling
that would othewise result.
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The‘folds which are indicated by the outcrop of the novacu-
lite are not all in evidence in the Bigfork chert. The larger ones are
all carried below, but the smaller ones seem to die out. It is impos-
sible to. trace them in the Blaylock sandstone but here as north there
can be no doubt of the most complex structure for the exposur:s
along Mountain Fork River in secs. 3, 4, and 9, T. 5 S., R. 25 E.
show all the characters of the folds observed six miles north along
the river, There are numerous drag folds and crumples of every
description accompanied by shear zones in all the softer beds and
the shales are cut across by a northward dipping schistosity. In the
Polk Creek shale as exposed in Beaver Bend one sees the same struc-
tures as were noted farther north. Most of these appear to be ex-
tremely complicated, multiple drag folds (see photographs). Onthe
west bank of the river in the NW. 14, sec. 3, T. 5S., R. 25 E. there
occurs in some black slates and cherts a recumbent fold which has
been mashed down until it actually lies horizontal. It is not known
whether the particular ledge of rock is in the Bigfork chert or Polk
Creek shale. In Beaver Bend such structures lie upon one another
several yards in depth. (See Plate XX.)

The intensity of the folding is manifest in the Stanley shale
also, everywhere in T. 4 S., Rs. 26 E. and 27 E.,, and in T. 5 S,, Rs.
25 E., 26 E., and 27 E. as far east as the State of Arkansas. In this
whole area there has been pronounced thrusting as shown by the
general north dip of the shales and hard sandstones of this series,
pbut there is no readily identifiable key rock by which to indicate the
details of this structure. Being a softer, less resistant formation
than the novaculite the shales and sandstones of the Stanley should
be more intensely crumpled than the other, at least in so far as it
occurs in the same locality. Far out on the flank of this anticlin-
orium near the Oklahoma-Arkansas State line the strata stand ver-
tically in some places and occasionally are seen to dip to the south
at high angles. These facts, of course, indicate isoclinal and sharply
V-shaped folds, which are the result of severe pressures, but not so
severe as a general north dip indicates. Over all of secs. 33 and 34
of T. 5 S. R. 27 E. in the vicinity of Ultima Thule, the sandstones
strike northeast and dip uniformly southeast 25° to 35°. Here is
evidence of normal folding and failing lateral thrust. The writer has
not studied the structure eastward of the State line, but it is reason-
able to assume that even gentler folds prevail in that direction. This
locality of normal folding lies 20 miles southeast of the central axis
of the anticlinorium. It is about 20 miles in the opposite direction
from the central axis west-northwest to Ringold before any indica-
tion of normal folding appears on the left flank of the structure thus
making the area of intense thrusting, (and this would coincide with
the width of the Choctaw anticlinorium), about 40 miles.
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Throughout the Stanley shale area on the east flank of the
anticlinorium there are a great many quartz veins. These are usu-
ally of good size, from a few inches to several feet in thickness and
frequently a quarter of a mile or more in length, They appear to
bﬁ of the type known as gash veins and they pinch and swell later-
ally.

The veins do not appear to occupy fault fissures or zones nec-
essarily, and their distribution as noted at the surface does not point
to any particular zone or zones of weakness. The fissures seem to
have been joints, merely, in the rocks.

PLATE LXXVIL

GASH VEINS OF MILKY QUARTZ IN THE SANDSTONES OF THE STAN-
LEY SHALE FORMATION AT GILLHAM ARK., (9 MILES EAST OF SEC.
33, T. 4 8, R. 27 E, OKLA.); SHALES NOT PENETRATED.
Photograph by E. S. Perry.

There is a fault in the valley of Yashoo Creek in the southern
part of T. 5 S., R. 24 E., which can be traced a mile or more in a
northwest direction, but it may possibly have a greater length. It is
best shown in sec. 35 where the end of the novaculite syncline has
been cut off. The fault plane can not anywhere be seen but a shal-
low fault line valley is very prettily shown at one place. The west
end of the fault is not so well known. The north side in sec. 26 is
a swamp-covered country, the foundation of which is probably Wam-
ble sandstone. The south side in the same locality is a talus covered
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slope of Bigfork chert extending beyond the center of sec. 27. If
the outcroppings have been interpreted correctly the upthrow side
of this fault appears to be on the south side in sec. 35 and on the
north side in sec. 27, indicating a kind of swivel movement, but the
evidence of faulting is so very obscure in sec. 27 that perhaps this
kind of movement had best not be supposed. It is entirely possible
that the very broad outcrop of Bigfork chert in secs. 27, 32, and 33
is a folded mass, (an anticline and a syncline) which happens to
terminate in sec. 27 in direct line with the strike of the fault plane
to the southeast, and that the fault does not extend that far. The
evidence of fauling is conclusive in sec. 35. Assuming once more,
that the fault plane should dip in the direction of the dip of the bed-
ding the fault should then be normal. _

There is another fault in the northern part of T. 5 S., R. 26 E,,
where one is confronted with a problem similar to that encountered
on Yashoo Creek, for here too, at one -end the faulting seems to
be normal and at the other the reverse. Insec5, T.5S., R. 26 E.
the Bigfork chert is raised up against the Stanley shale. On both
sides of the fault the strata swing around locally to dip to the south
as though the rocks had suffered a thrust movement and had been
dragged up on the north side and dragged down on the south side.
Three or four miles to the east the opposite seems to -have taken
place for the strata dip to the north over there. The downthrow
side however, is to the north as far as the fault can be traced in
either direction, and since the general dip of the strata, excepting in
the one small locality, is north, and assuming that the fault plane
should roughly coincide with the dip of the bedding, it is concluded
that this 1s 2 normal fault. What appears to be an eastward exten-
sion of this fault occurs in secs. 4 and 5 of T. 5 S.,, R, 27 E. The
two have not actually been traced into each other, but one cannot

- doubt but that they do join. The strata are not behaving properly in

this locality either, but there is as much evidence for normal faulting
as for the opposite. The amount of displacement is not known, but
the faull is so situated on the very roof of the structure, in line with
the east end of the Choctaw anticline as to have opportunity of be-
ing very great. Insec. 5, of T. 5 S, R. 25 E., there has been a ver-
tical movement of at least 2,000 feet.

ASH CREEK FAULTS

In secs. 1 to 4 inclusive of T. 4 S., R. 26 E., there are several
faults in the novaculite and basal part of the Stanley shale which
may conveniently be referred to as the Ash Creek faults since Ash
Creek rises among the hills where they occur. The general local-
ity is one of very complicated structure and, although the ground

has been gone over twice in an effort to straighten it out, it sti de-

fies a logical solution. There appears to be a fault of considerable
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importance extending from a point 250 paces south of the N. 4
cor. sec. 4 east-southeast to a point 400 paces south of the W. %4
cor. sec. 1. There are also other fractures connecting with it on the
south and striking southeast. In general the main line of faulting
throws the Stanley down on the north side; the minor faults on the
south are merely breaks in the shattered and slivered south block.
Whether these faults are normal or reverse is not known, but they
are thought by the writer to be of the normal type. How far east
the main fracture has reached is also unknown. It is quite possible
that it extends much farther than has been indicated on the map, but
as heretofore remarked it is quite impossible to determine whether
or not there is displacement in the Stanley.

As to the fault occurring on the south side of the novaculite
mass in the northern part of secs. 3 and 2 etc. there is no evidence of
its existence excepting at the west end. It was first interpreted as a
thrust fault, but on second thought it seems that the west end could
better be joined in some way to the fault to the south.

: NORTH SIDE

The northern boundary of the Choctaw anticlinorium is de-
termined by a long fault which extends practically continuously for
15 miles, all the way from the west range line of T. 3 S., R. 25 E,,
to the Oklahoma-Arkansas State line. To the south lies the great
upfolded mass of Ordovician, Silurian, and Devonian rocks; to the
north is a great downfolded and faulted mass chiefly of Stanley shale.
This fault brings the Blaylock sandstone against the Stanley shale
at one place in the valley of Mountain Fork River while various
parts of the Missouri Mountain slate and Arkansas novaculite are
thrown against it at other points either side, depending on the
type of the fold which is cut across by it. The east end of the fault
is nat so well known, but at no place is the Stanley shale in contact
with the Missouri Mountain or Blaylock at this extremity. At most,
only portions of the novaculite and basal Stanley shales are faulted
out here. The displacement lessens to eastward, therefore, and
probably amounts to nothing at the State line. The dip of the bed-

ding and the schistosity both sides of the fault line throughout the:

15 miles is to the north at an average rate of about 45° and the
downthrow side is to the north. Under these conditions it seems
most reasonable to conclude that the fault is normal. It is possible
that the fault forks in sec. 24, T. 3 S., R. 25 E. the north bifurcation
connecting with the faults 3 miles due east. The quick termination
of the tuff bed at several places in the locality in question would sup-
port such a supposition.

CROSS MOUNTAINS ANTICLINORIUM

The Cross Mountains anticlinorium is a relatively long and nar-
row belt of folds which extends from sec. 28, T. 2 S., R. 24 E,
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Oklahoma into sec 4, T. 5 S., R, 31 W., Arkansas. The structure
is named from the mountains by that name which indirectly are tae
result of the uplift. The total length of the range is about 30 miles
and the width about 4 miles but the folded and faulted structure
may be considered as extanding somewhat farther. Only that por-
tion of the structure which lies in Oklahoma, the western 3/5 of it,
will be discussed here.

The oldest formation which appears at the surface in this par-
ticular belt of folding is the Bigfork chert. The area of outcrop lies
in secs. 1, 2, and 3 of T. 3 S., R. 26 E., but it is less than 200 paces

PLATE LXXVIIL

VIEW LOOKING SOUTH-SOUTHEAST, FROM A POINT ON THE TOP OF

JONAH MOUNTAIN (300 PACES NORTH OF THE 8, % COR. SEC., 16 T.

2 8., R. 27 E.) SHOWING TN THE DISTANCE THE CREST OF THE CROSS
' MOUNTAINS, .

The intervening territory is a bushy, wooded, gently undulating area of

Stanley shale, 3 miles broad. The Sw. Cor.,, of T. 2

S.,, R. 27 E,, tfalls on
the top of the mountain at “X".

across and is only a mile and a half long. However, it is symmetric-
ally placed with respect to the eastern and western limits of the
structure and is in the center north and south, hence should be re-
garded in every sense as the central core of the anticlinorium. On
its borders is the thin belt of Polk Creek shale, which in turn is suc-
ceed:d by the Blaylock sandstone. The Blaylock sandstone is ex-
posed for about 6 miles in either direction east or west, over an arena
two miles broad as 2 maximum, and is found to be dipping through-
out at high angles to the south. Structurally then, the whole central
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portion of this arch is in a large way a recumbent anticline dipping
south 40° to 60°, the east end of which plunges gently east, the
west end, west, and whose top has been cut away by erosion. The
north side or inverted flank of this central arch is folded wvery
simply, so far as can be detected; the south flank, on the other
hand, is more complex, and carries on its side at least four over-
turned folds, two of which, an anticline and a syncline, are of consid-
erable importance. The wide outcrop of the Blaylock would in-
dicate some further complications but with a uniform dip south it is
impossible to locate them.

On the north side of this central axis there arise other folds,
some of which bring the Blaylock sandstone to the surface, others
pinch in rocks that are later than the tuffs of the Stanley. These
folds occupy a belt one and onz half miles broad; they are over-
turned, in the main dip to the south; and are much faulted. The
most prominent of these folds is a southward dipping, overturned
syncline extending from the south central part of sec. 35, T. 2 S,
R 26 E., west to tha SW. cor. sec. 19, T. 2 S,, R. 25 E., more
than 10 miles in length but only 14 mile wide and extending in
depth as far as a dip of 135° would be likely to carry it—probably
five thousand feet. The Stanley tuff bed lies in the upper part of
this long trough and forms a double linz of outcroppings almost
from one end of it to the other. In two localities these combine to
form a single line of exposures but at no place is the line pinched in
two.l_ The structure may conveniently be referred to as the Ten Mile
syncline.

In the northern part of secs. 31 to 34 inclusive of T. 2S., R.
26E. there is a tightly compressed and overturned anticline termin-
ated at both ends by faults. North of this again is a dzep syncline
truncated at each end by faults and bounded on the norta by a fault.
In these structures the strata dip 50° to 60° north in general but
there are reversals of dip in a few places. It is not known positive-
ly whether the faults are normal or reverse, but judging from the con-
ditions farther west it is thought they must be of the latter type. The
writer is inclined to think that so great was the force of the thrust at
this place that the whole upper crust, crumpled and broken, was
skidged over the slates below and raised bodily. and vertically up-
ward.

Immediately to the west, north of the Ten Mile syncline there
are two novaculite arches, overturned and dipping to the south 45°
to 60° which are so tightly comprzssed that the one to the south
actually lies on top of the more northerly one. Very naturally there
is a syncline between the two anticlines, but this gives away to a sheer
zone and a thrust fault whare the two anticlines were siid by each
other in the northern part of sec. 27, T. 2 S., R. 25 E., and east. Not
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only was one novaculite anticline thrust up upon the other but both
have overridden bodily several hundred feet, at least, of the Stanley
shales, for on the north side of these two novaculite folds there is
another fault beyond which the Stanley tuff and whole basal por-
tion of the Stanley fails to appear. This fault has been traced from
the W. 14 cor. sec. 21 to the SE. cor. sec. 25, T. 2S., R. 25E. and is
regarded as a thrust fault. The block of Stanley on the south sidz
of the fault at the west end has been badly shattered and slivered
apparently, for the tuff bed appzars repeatedly at the surface in that
locality in such manner as to indicate some faulting.

South of the Ten Mile syncline and forming the west end of the
Cross Mountains there are 4 or 5 tightly compressed, long, narrow
anticlines crowdad into a belt 7 miles long by 1 mile wide. These
structures all plunge gently westward and strike east-west. The
average dip of the strata is 75° S. The Blaylock sandstone forms
the centars of four of the anticlines and in all of these a thrust fault
occurs at the east end:of the Blaylock exposures, as though each
anticline had been broken off at the east end and thz butt tilted up.

All the faults at the west end of the Cross Mountains except
the final one in secs. 27 and 28, T. 2 S., R. 24 E., are regarded as
thrust faults, arguing from thz point of view that the fault plane
should dip in the same direction as the bedding in a tightly com-
pressed and overturned series of rocks. In this region the prevail-
ing dip of the strata is south and thz downthrow side is on the north
side of the fault line, hence all the faults, save one, should be thrust
faults.

In secs. 35 and 36 of T. 2 S., R. 26 E. and secs. 31 to 34 in-
clusive of T. 2 S., R. 27 E. there have occurred some important dis-
vlacements, but with only a minor amount of folding., For a dis-
tance of two miles for example, the tuff bed of the lower Stanley has
ween faulted against the Blaylock sandstone representing a move-
ment of at least 1,000 feet. 1t is not known what part of the Blay
lock may also be faulted below ground nor how far the fault may
reach to the east, for it is impossible to distinguish one part of the
Blaylock from any other part; hence a missing portion would not be
discovered. The faults in the southern parts of these two townships
(T. 2S., Rs. 26E. and 27E.) are all joined together and repeatedly
bifurcate. In most instances the younger rocks are on the north side
of the fault line, as is usual in this whole region, but there are places
where the reverse is true. The dip of the strata is north in some
places but south in others. A careful study of these facts yields no
definite conclusions as to the kind of faulting here displayed, but
some of the faults, at least, are of the thrust type and since they are
all linked together and especially since the faulting to the west seems
to be thrust faulting all the faults in Rs. 26E. and 27E. are regarded



240 STRUCTURE

as thrust faults. In one or two instances there appears to have been
minor underthrusting as in the case of the block in tha center of sec.
32, T. 2S., R. 27E. and of the fault passing through the southeast
corner sec, 36, T. 2S., R, 26E.

The structure in the Stanley shale on the borders of the Cross
Mountains uplift is not so well known as that of the Siluro-Devon-
ian rocks of the mountains themselves. Here, as elsewhere in the
general region, it is next to impossible to recognize faulting and there
is no readily identifiable horizon outcropping over the area which
will serve as an index to the folds. One would infer from the dip of
the strata, which in general ranges from 40° to 90° ordinarily, and
from the nature of the folding and faulting in the older rocks that
the Stanley should have, and no doubt does have, a most complex
structure.

On th: north side of the central belt of old rocks the Stanley
sandstones in most places dip to the north or stand vertically This

is an unexpected turn when it is observed that the strata to the south

are overturned and dipping generally to the south. The trend of
the folds and the parallel arrangement of the faults en echelon to-
gether with the intense compression evidenced by the steep general
dip and overturned strata throughout the Cross Mountains, point to
a shearing movement accompanied by intense lateral pressure which,
so it seems, caused the strata not only to fracture and fold, but to
rise and push northward and westward over the Stanley. The folds
and faults of the Cross Mountains, in other words, constitute a belt
along which the stresses produced by the forces of deformation were
relieved.

It is a belt of severe thrusting and a zone in which the whole
surface section of rocks broke and gave way. The: shales on the
north, speaking of a narrow strip, say a mile or two broad, suffered
the same compression, but not the same subsequent movement. Their
structure is more nearly comparable with thal on the east and west
flanks of the Choctaw anticlinorium, and with this idea in mind it is
not to be supposed that the faults in the main structure of the Cross
Mountains extend very far into the Stanley shale area nor should the
folding be so sharp, omitting the dragfolds. That the Stanley sinks
quite rapidly (without repeated upfolding and down folding) is in-
dicated by the unusually limited distribution of the tuff otcroppings
north of the older rocks. The broad outcrop of the Stanley farther
north is the result of other structures to bz mentioned later. The
Stanley shale to the south of the Cross Mountains will be taken up
under the heading ‘“Linson Creek Synclinorium.”

LINSON CREEK SYNCLINORIUM

The Linson Creek synclinorium is a name applied to the belt of
downfolding and faulting which lies between the Choctaw anticlin-
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orlum on the south and the Cross Mountains anticlinorium on the
north. It has a width of from 2 to'4 miles and a length of some 20
miles, reaching from a point approximately 4 miles west of Sher-
wood, Oklahoma east to the State line. '

In this trough, at the eastern end, there are four long narrow
belts of Arkansas novaculite, one of which is associated with a small
area of Blaylock sandstone and Missouri Mountain slate. They are
all anticlinal folds and each is accompanied by extensive faults, Ly-
ing between the novaculite belts and hedging them -about generally
are numerous outcropping ledges of the Stanley tuff bed, seme of
which, extending downward, unite in depth to form deep and narrow
troughs; others are the backs of anticlines.

Exposures of -the tuff are relatively few west of the novaculite
ridges; at the extreme west end of the synclinorium, this horizonlies
buried completely beneath the middle and upper portions of the
Stanley.

Of these various folds, of which there must be ten or a dozen
all told, the most important are the novaculite anticlines. One of
these, the Pine Mountain anticline, extends from the southern part
of sec.12,T.3 S, R. 25 E. into the SE. 4,sec. 15, 3 S., R. 26 E,,
and is 5 miles in length. Thisis an overtunned fold dipping north and
plunging east, in the center of which there is exposed a small area of
Blaylock sandstone. The northern side of this structure is faulted
down, and the fault has bitten so deeply that the Blaylock sandstone
is brought against the Stanley shale for a distance of a mile and a
half—almost the entire length of the Blaylock outcroppings. The
fault will be known as the Pine Mountain faulf.

A mile and a half east, but having a length of only two and a
half miles, a second novaculite anticline raises its head. It is directly
in the line of strike of the Pine Mountains structure and is bounded
on the north by the same fault that cuts the Pine Mountains anticline
in two, hence is essentially a part of that structure. The Pine Moun-
tains fault is thus 11 miles in length, the downthrow side is on the
north side of the fault line, and the bedding dips toward the north.
The fault is regarded as normal.

Seal’s Mountain anticline extends from the southern part of sec.
18, T. 3 S., R."26 E. to the center of sec. 21. T. 3 8., R. 26 E. 8
miles. It is composed entirely of novaculite and is'accompanied by
two faults, one of which appears on the south side at the west end, and
the other on the north side at the east end. Where Rough Creek
crosses the fault line at the east end of the structure the fault plane is
exposed and it is observed to be striking N. §0° W. and dipping 74°
N. at this place. Since the downthrow side is to the north the fault is
normal. The strata throughout the general locality dip to the north
45° to 70°, which is consistent with the theory that the dip of the
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fault plane should slope in the general direction of the dip of the bed-
ding of a tightly compressed and overturned series of strata. And
if this in reality be true then the long fault on the south side of Seal's
Mountain should be an underthrust fault, for throughout the full ex-
tent of Seal’s Mountain, the strata dip persistently to the north 30°
to 60°, and the down throw side, in this instance, is south of the fault
line.

The fourth novaculite inlier extends from the SE¥4, sec. 19, T.
3 S, R. 26 E. to the northern part of sec. 27 of the same township
and range. This is an anticlinal nose tilted west, the eastern end of
which is determined by the intersection of two faults, one passing
weast-nothwest along the north side of the novaculite ridge, the other
extending east-west along a part of the south side. Since the straja
all dip to the north in this locality and since the country between the
faults is upward thrown relative to the areas eithzr side, the fault;on
t1e north should be a normal fault and that on the south, an under-
thrust fault. The normal fault, north of the ridge, cannot with
certainty be traced westward, but it is very possible that it does can-
tinue and connects in sec. 24, T. 3 S., R, 25 E. with the normalfayl{
in the valley of Linson Creck, described above. It is not known
whether there are otier important faults in this region of generjl
down folding or not. There is nothing to indicate positively that
there are; yet a large number might well bz expected. The discon-
tinuity of the tuft bed and its association with vein quartz in secs. 13;
to 22 inclusive, T. 3 8., R. 27 E., and westward looks very suspiciays
The sudden termination of the tuff bed in sec. 8, T. 3 S., R. 27 E},
and in sec. 22, T. 3 S,, R. 26 E., are other cases in point. -

It is not possible to trace out with any degree of accuracy the
folds in the Stanley as indicated by the tuff. In genzral the areas
lying between the novaculite arches are all sharply synclinal and
mostly complexly so. The long narrow inliers of tuff crossing
Mountain Fork River in secs. 4 and 16, T. 3 S., R. 25 E., and perhaps
some others in that general locality are, no doubt, the axes of anti-
clines, but farther west we only know that the older rocks lie burjed
deeper, i. e., the synclinorium plunges west. '

The dip of the strata throughout the eastern half of this great
trough is practically everywhere northerly, sometimes locally as low
as 15 degrees, but averaging as much as 45° to 60°. West of the
area occupied by the novaculite ridges, in the northern half of T.
3 S., R. 25 E,, to be exact, the dip of the rocks is more frequently
observed to be 80° to 90°, and it is not unusual to see, along. the
river, steep southward inclinations of the bedding. West of the
river the rocks may dip as low as 25°S. in places, but this is the
locality north of which the prevailing dip is south (in the west end
of the Cross Mountains). Coming farther west into R. 24 E. out-
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croppings become more widely separated, but such observations as
are available for study seem to indicate what may be styled as a
sHarp narrow V-shaped type of folding, indicating lessening pres-
sures to westward. Whether the rocks which lie deeply buried at
Sherwood are more sharply crumpled than those now at the surface
at the same place would be hard to say, but it seems that they should
be less so.

STRUCTURES BORDERING THE ANTICLINORIA,
BOKTUKOLA FAULT

North of the west end of the Cross Mountains in Ts. 1 and 2 S.,
Rs. 24 E. and 25 E., and west, there occurs a large mass of Jackfork

. PLATE LXXIX.

I{EW OF THE NARROWS IN THE SW. y SEC, 9, T. 2 8, R. 25 E.
AV F o LOOKING EAST.

So named because the road which passes between the mountain to the left, and
Boktukola Creek to the right is not wide enough for wagons to pass. Boktu-
kola Creek joins Mountain Fork River just ahead. High water in the river
floods this road which is the main road and only road through this part of the
country. Boktukola Creek marks tthtohilocaltion of the Boktukola (thrust) fault

a s place.

sandstone, which overlies the Stanley shale and which is folded nor-
mally into a broad syncline on the north and into a sharp anticline
on the south. The southern border of this Jackfork sandstone mass
is a straight line, which strikes slightly north of west from the NE.
cor., sec. 14, T. 2 S., R. 25 E., to the NW. cor,, sec.. 7, T.28S, R.
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24 E., and the heavy ledges of the Jackfork on the north dip to the
south 20° to 40° directly against, or beneath the Stanley shales on
the south, which also dip south. Evidently the contact between th>
Stanley and Jackfork throughout this 11 miles is a fault line, with
upthrown side on the south, but there is no direct evidence bearing
on the nature of this fault—whzther it be normal or reverse.

It has already been stated that the strata in the Cross Moun-
tains two or three miles distant to the south have been overturned
and are dipping to the south, and the writzr has attempted to show
that the faulting in that region is of the thrust type. Owver all the
intervening ground between the Cross Mountains and the Jackfork
sandstone outcroppings, the prevailing dip of the rocks is south,
although in the Stanley there is a greater variation in the dip than is
the case with the more resistant rocks. It is reasonable, therefore,
to expect thrust faulting in the present instance; and applying the
same reasoning here as elsewhere, that the fault plane should dip in
the same direction as the dip of the strata in a tightly folded series,
and since the south side is the upthrow side it is regarded as a thrust
fault. The amount of displacement is unknown, for it is impossible
to tell what portions of the Jackfork and Stanley are wanting. It is
not known, either, how far east this fault carries, but there is every
reason to expect that it extends perhaps well into Arkansas. It is
proposed to call this fault the Boktukola fault from the creek by that
name which flows into Mountain Fork River near the fault line.

' Between the Cross Mountains and the Boktukola fault extend-
ing dus west 4 miles or more from the center of sec. 17, T. 28., R.
25 E., there is another fault. This is indicated by a crush-zone and
an abundance of milky vein quartz in a number of places. It is
entirely a matter of inference as to whether this fault be of the nor-
mal or reverse type but being associated with reverse faults it too
should be reverse, although not necessarily.

Al NUNIHCHITO ANTICLINE

across the northern part of T. 2 S,, R, 24 E., about a mile
north of the Boktukola fault and parallel with it, there is an anti-
clinal axis from which the sandstones dip in either direction norty
and south from 10° to 25°, ordinarily, but farther out on the flanks,
at somewhat steeper angles. This anticlinal structure is made mani.
fest also by the indentation of the Jackfork-Stanley contact in secs.
4, 5,and 6, of T. 2 8., R. 25 E., and again, several miles farther east,
by the unexpected appearance of the Stanley tuffs south of Watson,
Oklahoma. This general line of uplift is one of the prominent
structural features of this part of the country, deserving of a special
name, and since the axis passes through thé Choctaw settlement of

gpnihchito it may conveniently be known as the Nunihchito anti-
ine. .
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This anticline is not a simple structure, except at the western
end where the capping rock is heavy bedded sandstone. Where the
surface rocks are Stanley shales and sandstones there is considerable
irregularity in the matter of dip and strike of the bedding evincing
numerous dragfolds and other structural features of an analagous
origin. The outcroppings of the tuff south of Watson, for example,
reveal at least 5 folds and a small fault in that locality, and the dip
of the sandstones shows at least 3 anticlines crossing the river near
Nunihchito. The main structure, of which these smaller folds form
a part, plunges westward. Granting that the thickness of the Stan-
ley above the tuff bed is 5,000 feet, this plunge should amount to
625 feet per mile, for it is 8 miles along the axis of the fold from
the base of the Jackfork sandstone east to the tuff bed near the bot-
tom of the Stanley.

BOKTUKOLA SYNCLINE
North of the Nunihchito anticline the Jackfork sandstone is
bent downward into a broad, shallow, westward-plunging syncline,
which may suitably be called the Boktukoma syncline, naming it from
the creek by that name which flows across it and from a high moun-
tain by the same name, standing in this trough. The axis of the
syncline may be said to begin at the SE. cor., sec. 20, T. 1 S., R.
25 E., and to extend due west for 15 miles or more into a region at
present unknown to the writer. At the east end this structure has a
width of 6 to 8 miles and plunges westward, as indicated by the
15°W. dip of the beds along the axis, at the rate of 1,414 feet per
mil2. Westward, as shown by the contours of the topography, out-
side the area under discussion, the width of the syncline increases to

10 miles, but the plunge apparently lessens.

Eastward of the Jackfork exposures in the belt of Stanley
shalesin T. 1 S, Rs. 25 E., 26 E., and 27E., itis impossible to recog-
nize the Boktukola syncline, although it doubtless extends entirely
across this area, parallel with other structures to the north and
south, and no doubt maintains its westward plunge, although n~t at
so great an angle, else older rocks would appear. The upper porlion
of the Stdnley, outcropping west of Smithville maintains a cip and
strike which conforms closely to that in the overlying Jackfork sand-
stone, but fartlier east the main structure flares out into a correga-
tion of small folds and crumples which obscure the main axis and
dominant structural feature. It is not deemed advisable to mention
all of thess folds individually. Some of them may be traced along
for a considerable distance; their axes are noted to lie in a general
E-W direction and they always plunge sharply westward, indicating,
according to Pumpelly’s rule the nature of the large syncline. These
small folds may be best observed along Mountain Fork River, where
exposures can be had almost continuously.
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VIEW LOOKING WEST DOWN THE AXIS OF THE BOKTUKOLA. SYNCLINE FROM A POINT 2 MILES NORTHWEST
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A. CONCENTRIC RINGS OF HARD SANDSTONE (STANLEY) OUTCROP-
PING IN THE BED OF MOUNTAIN FORK RIVER MARKING THE AXIS OF
A SHARP, WESTWARD PLUNGING ANTICLINE STRIKING EAST-WEST
THROUGH THE NE. !4, SEC. 10. T. 1 8., R. 27 E, VIEW LOOKING
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R. VIEW LOOKING EAST DOWN THE AXIS OF AN ANTICLINE IN THE
UPPER STANLEY SANDSTONE, 200 PACES NORTH AND 150 PACES WEST
OF THE 8. %, COR., SEC. 18, T. 2 8., R. 25 BE.
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The dip of the bedding throughout this general region ranses
from 5° to 90° both north and south, but it is believed that th'crc
are no overturned folds., Over considerable areas in some localities,
in secs. 13 and 14 of T. 1 S., R. 26 E., and west-northwest for exam-
ple, the dip does not exeed 25° to 30° ordinarily. One is rather
surprised to find the normal type of fold adjacent to some of the
most severe tarusting of thz whole region. The Jackfork sandstone,
it would seem, with its thick massive beds of sandstone, act=d S 4
strong arm of resistance which held firmly against tl}e thrust pashing
against it from the south. It acted as a protection also to the
Stanley beneath.

OCTAVIA ANTICLINE-FAULT.

In the vicinity of Octavia in sec. 29, T. 1'N., R. 25 E., the
Stanley shale outcrops as a large re-entrant projected westward be-
tween two large masses of Jackfork sandstone—one to thf; nort}},
the other to the south—in such a manner as to suggast a major anti-
cline, but there is some evidence of faulting on the north side. It is
. proposed to call this structure the Octavia anticline-fault, but no
further mention will be mad: of it at this time.

LYNN MOUNTAIN SYNCLINE

In the northern part of T. 1 N, R. 26 E,, and R. 27 E., and
extending west and north into the unmapped area there occurs a
mass of Jackfork sandstone which has been folded into a broad,
westward plunging syncline. The hzavy sandstone ledges prOJeczmg
along the south side of this great trough and dipping 30° to 50°N,,
form Blue Bouncer and Walnut Mountains . They rise on the north
at an angle of 15 to 25 degrees to form Lynn Mountain and Kia-
michi Mountain. It is proposed to designate this structure the Lynn
Mountain syncline, naming it from the formidable and majestic ridg«
by that name.

HUGO SYNCLINE

Beginning in sec. 32, T. 4 S, R. 19 E,, and extending east-
southeast, thence south and southwest about 8 miles to sec. 19, T.
5 8., R. 20 E,, outcropping in a hyperbolic curve, is a large island of
Jackfork sandstone in a sea of Trinity sand. This inlier is a belt
nbout ¥4 mile widz that rises to an elevation of 750 feet: or 25_0
feet above the plains to form what is known as High Hill
Mountain to the west and Signal Mountain to the southeast. In the
region of the most northerly exposures in sec. 34, T. 4 S., R. 19 E,,
the strata dip to the south 43°; to the east in sec. 8, T: 58, R.20E,
the dip is 10° W.; while in sec. 18, T. 5 S., R. 20 E,, in the region of
the most southerly outcroppings the dip is 10° northwest. Also in
sec. 26, T. 4 8., R. 19 E,, at Corinne, exposures of the Stanley shales
and sandstones are encountered. in the creek dipping south, and the
Stanley is exposed again in sec. 8, T. S., R. 20 E., dipping west. [t
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is evident then that this large inlier of Jackfork sandstone is synclinal
and that it plunges west-southwest at the rate of about 930 feet per
mile or 10°. Moreover, it is the basal portion of the Jackfork that
is exposed and knowing that the Stanley crops out at Corinne, and
in sec. 8, T. 5 S,, R. 20 E., and knowing the dip and strike of ‘the
bedding, and the structure it is not difficult to draw the Jackfork-
Stanley contact at the base of the Trinity sand in this general region.
It may be thought of as extending from the S. % cor., sec 35, T.
5 8., R. 19 E,, northeast around the end of Signal Mountain, thence
west through the southern part of sec. 27, T. 4S., R. 19 E., south of
Corinne. The bisectrix of this curve is approximately the axis of the
syncline and since it strikes toward Hugo, and beyond any doubt
whatever, extends that far, it comes very handy to speak of this
structure as the Hugo syncline. In a northeasterly direction the axis
passes through the center of sec. 25, T. 4 S,, R. 20 E., and is in evi-
dence even farther east, but in the valley of Little River it is crum-
pled into a series of smaller structures making it impossible to recog-
nize it. This syncline may bz thought of as extending on across
Glover Creek as a belt of general down folding, and joining per-
haps to the Linson Creek synclinorium but there is no direct evi-
dence that the structure is synclinorial all the way to that point.

CORINNE ANTICLINE

The north flank of the Hugo syncline is also the south flank of
a large anticline just north, for north of Corinne, from sec. 12 to
sec. 19, inclusive of T. 4 S,, R. 19 E., the Jackfork sandstone dips
40° to 60° northwest and strikes northeast. In the township to the
east the Trinity sand has been removed from the underlying Paleo-
zoics over most of the township permitting of observations and the
mapping of some of the details of the structure in this region. The
dip of the rocks in this region ranges from 10° to vertical, with an
average inclination well above 45°; and there are repeated and sud-
den reversals of the dip indicating, all told, complex dragfolding and
much crumpling on the flanks of the major structure. The axis of
the main fold can be mapped with precision in the western part of
the township but eastward the complexity of the structure increases
so that it cannot be followed so well. However, the strike of the
b:dding along the axis is uniform and with this as a guide the axis
of the fold has been drawn from the NE. cor,, sec. 6, T.4 8., R.21E.,
west-southwest through the village of Corinne, whence the name of
the anticline, to the W. I4 cor., sec. 31, T. 4 S., R. 19 E. How far
west the fold extends beneath the Trinity is not known but it may
be regarded as holding out at least as far west as Cody, 7 miles
north of Hugo. That the anticline plunges rapidly westward is in-
dicated bythe converging outcroppings of Jackfork sandstone north
and south respectively of Corinne,  The Stanley shale probably
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does not lie in contact with the Trinity sand west of sec. 30, T. 4 S.,
R. 19 E. but plunges beneath the Jackfork at that place.

It is not possible to follow the axis of the fold in the opposite
direction farther than Little River.

BETHEL SYNCLINE. :

Another large syncline of Jackfork sandstone occurs north of
the Corinne anticline, beginning near Bethel and plunging west-
southwest 30 miles or more to the Trinity sand formation where it
is lost from view. This is fully 10 miles in breadth and will be
known as the Bethel syncline. It is bounded on the north by the
Boktukola (thrust) fault.

The general average dip of the beds on either flank of the
structure is about 30°; the axis strikes N. 75° E. (from the S. 4
cor. sec. 31, T. 2 S,, R. 22 E. to the S. 14 cor. sec. 13, T. 2 S,, R.
23 E.); and plunges west-southwest about 15°.

GENERAL CONCLUSIONS.

It has been shown that the region under consideration in this re-
port from the point of view of structure, falls readily into several
subdivisions, the most important of which are: the Choctaw anticli-
norium, the Cross Mountains anticlinorium, the Linson Creek syncli-
norium, and certain large, westward plunging anticlines and synclines
lying to the north and west of the large folds just mentioned. The
principal facts of these structures may be summarized further and
from another point of view as follows:

1. A belt of thrust folding and normal faulting, with prevail-
ing dip of the strata to the north 45 to 60 degrees, embracing all of
the Choctaw anticlinorium and the southern half of the Linson
Creek synclinorium.

2. A belt of thrust folding and thrust faulting, with prevailing
dip of the strata toward the south 45 to 90 degrees, embracing the
Cross Mountains anticlinorium, the northern part of the Linson Creek
synclinorium and the Boktukola fault, and

3. A belt of gentle folding in which are developed normal
anticlines and synclines, with prevailing dip of the rocks, north and
south, of 15 to 45 degrees, embracing the Nunihchito anticline and
the Boktukola syncline, also other similar structures farther north

and west, such as the Octavia anticline-fault, Lynn Mountain syn-
cline, Hugo syncline, Corinne anticline and Bethel syncline.

The axes of all the principal folds and the other structure lines,
except those lying to the extreme west and north have been drawn
to scale in their true relationship on the map (Pl LXXXII) and the es-
sential facts of the three belts of deformation indicated. These ideas
have also been embodied in a diagrammatic cross section shown on
the same plate, which reveals very clearly, in general, the fanshaped
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structure of the region as a p\;/hole and gives one a suggestion as to
the origin of the whole complex. .
lngthis ideal section only one fault has been shown. lThk;S thzil;
been drawn in a position to represent the Boktukola fau t,f u Ry
general may be looked upon as representing the sum tgtalho éncl)( ve-
ment due to thrust in the Cross Mountains as well asam the (ci) o
kola fault. (Since the normal faults belpng to a later perio
movement, they should not be included in the diagram.) )
Looking at the matter broadly and with all the facts of thg fol s
ing, the faulting, and the schistosity in mind it is of course o v10(;1n
- that tremendous compressive forces have been brought to bc::g.rtupce
the region and that these necessarily are thrust and res(lis an .
which, in effect, acted in opposite directions to squeeze an fcru !
the mass which happened to be caught between these two d.czircte}:1 :
The questions at hand mainly are: From which dlre,c'non_dlit the
- ‘thrust come?.. What was the primal cause of it? When di
~ cur? and, What was the resisting force? e found i sart in the
nswer to the first question should be found in p
trend’l;}%etﬁestectonic lines. % he folds strike southwest on the west
side.of the main structure and east-southeast on the ea§t S|de,bg1'vm§
expression at the surface, in general, of arcuate mquntams. .O VIfOtlf'l :
ly it is more reasonable to think of the advanced middle portxfopho e
arc as being pushed up from the south, than it is to think o : teh wst
flanks as being pushed down from the north by a dual sort od n:l t
passing either side of the center. If the latter has happetrtx‘e flacx)lké
should expect to find greater compressibility evidenced on cfe nks
than through the central axis. Just the opposite is true, for ne
finds evidence of the greatest thrusting in the center of the ari, wels
gradually lessening pressures indicated on the flanks as one }r]:;VOUt
either east or west from the center. This fact is further brdoug o
by the convergence of the tectonic lines on the advanced cen
northerly) portion of the arc. . .
( Anoﬁer line of attack of this problem has to do with the tllnttepr;
sity of the folding in the southern part of the area as versus tdath; t
the extreme northern part of the field. It has been obsc;lrvef that
the rocks to the south are more sharply crumpled than t g or ne
tions in the north. The Stanley shale as exposed in Ts. 1 S, an 'z
S., Rs. 25 E., 26 E., and 27 E,, north of the erss Mountains, reve s
no overturning of the strata. The folds in this general region Ia
of the normal type and the inclination of the bedding is often as ‘:)h“é
as 10° to 25°. On either flank of the Choctaw anticlinorium 1
folds in the same (Stanley) formation, for it is fair to consider ctm g
the same formation, are invariably overturned excepting far out o
the flanks. It is only reasonable to think of the tighest corrlx.presmic;x}:
as lying nearest the source of the thrust, since we are dealing w
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the friable, weak crust of the earth and not with a good conductor
of vibrations, heat, and motion. If the source of the thrust lay to

the north the Stanley shale in the north should surely be overturned
also.

Looking at the problem from the point of view of the schistos-
ity and dip of the strata, it will be recalled that the inclination of
both the bedding planes and the planes of schistosity in the Choctaw
anticlinorium is toward the north. There is usually a westward or
an eastward component locally also, which is westward on the west
flank of the structure and eastward on the east flank. Throughout
the whole central core "of old rocks thz planes of schistosity are
more nearly due north than on the flanks, yet there is everywhere -
considerable variation as to the east-west daflections. Ordinarily a
single observation of the dip and strike..f the schistosity, however
small the exposure of rock, should serve;for a wide area but in the
region under discussion the direction of dip and strike of the schis-
tosity is not so consistent, It may be that the writer has confused
slaty clevages with jointing in his work in the field in some instances
and it may be also that there was more than one movement which
develop:d a slaty clevage in the shales; or, possibly the one move-
ment was protracted to such length and in such a manner as to de-
velop schistosity in more than one direction. At any rate there is in
the dip of the schastosity, except in the valley of Glover Creek
where the dip is due west, always a strong northern component. The
prevailing dip of the ‘bedding in the Choctaw anticlinorium is also
north. These ar: striking facts, and moreover, the planes of schis-
tosity cut across the bedding at a low angle, always below 30° often
10° and sometimes approaching horizontality. (Note schistosity in

photographs of Blaylock sandstone, Plates LXXXIII, LXXXI1V, and
LXXXV.) -

This is another remarkable fact, for usually slaty clevages dip
at high angles and cut the bedding planes vertically along the axes
of the folds. In this region the schistosity seems fo have been de-
veloped, as has been stated above, not so much from static rigid
compression as from the gliding of the beds over each other hori-
zontally and by a.lateral movement of folded masses over or under
other folder masses. It would seem at first that the schistosity and
beddirng should dip south rather than north in the Choctaw anti-
clinorium if the thrust came from the south, but on the other hand
if it came from the north it would be just as difficult to explain the
general south dip in the Cross Mountains and all those thrust faults
up there. It is easier to account for the north dip of the schistosity
and the bedding in the country to the south by assuming that the
thrust came from the south, which caused the strata to crumple
gradually and gently at first, but as time progressed, more sharply,
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until the folds became isoclinal. By this time the country should
have been elevated, the tops of the anticlines eroded and at this
point any further pressure would act chiefly on the deeply buried
sediments which would be shoved under the overlying, crumpled and
raised up masses. In other words, a horizontal zone of crumpled
strata (Bigfork to Jackfork inclusive) moved forward (north)
over the soft, little disturbed, deeply buried sediments, during the
early and middle stages of the period of folding, while the top of this

PLATE LXXXIV,

HORIZONTAL SCHISTOSITY IN STEEPLY DIPPING BLAYLOCK SAND-
STONE, INDICATING ACTUAL LATERAL MOVEMENT OR GLIDING DUR-
ING THE LATTER STAGES OF THE FOLDING
TPaulting is in evidence also. View looking due east at. a point 400 paces east
and 100 paces south of the N. % cor., sec, 34, T. 3 S, R, 25 E.

zone arose high in the air, and fell back or lagged as the lower por-
tion (Collier to Womble inclusive and older rocks) continued to ad-
vance, during the later stages of the thrust. The schistosity must
have been developed during the latter stages of this thrusting move-
ment, during the lagging, or while the underthrusting was going on.
The diagram (figure 5) represents 4 stages of such a movement.

The faulting in the Cross Mountains should have been caused
relatively early during this process. There should not be any fault-
ing, necessarily, anywhere excepting in the Cross Mountains. Here

PLATE LXXXV.
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was a belt of weakness and when it gave way to the accumulated,
pent up pressures it was forever afterward a zone of weakness just
as much or even more than ever and could act as a vent for
any further relief of pressure. Had these Siluro-Devonian rocks
been more resistant, having once broken they might have been
saoved bodily for miles over the Jackfork sandstone, but they hap-
pened to be thin bedded materials (especially thin in this northerly
latitude) and became complexly folded and multiple thrust faulted
instead. A lagging of the upper portions of the folds farther south

Resistance . ' Thryst
 (norTh) (Sovih)

Figure 5—Diagram illustrating four stages in the development of the folds
and the schistosity in the region of the southern QOuachita Mountains,

in the Choctaw anticlinorium might easily be accompanied by under-
thrust faulting. This appears to have happened south of Williams
Mountain and again in one or two places north of this mountain, thus
accounting for the underthrust faults in these localities. (There
were no normal faults developed during the thrust; these all belong
to a later period to be considered presently).

With regard to the inconsistencies of the sirike of the planes
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of schistosity or slaty cleavages it is conceivable that the develop-

~ment of drag folds might locally yield results which would be at var-

iance with the g:neral trend of the shear zones. It is more likely
that schistose structures, developed early during the thrust, could be
tilted out of their proper orientation by later movement. Since the
most tightly compressed folds lie in tae regions where the axes of
the folds lie farthzst north, since the axes of the folds are bent in the
center convexly to the north, and since the most profound thrust
faulting occurs in the west end of the Cross Mountains—all in Rs.
24 E. and 25 E. there can be no doubt but that this N.-S. belt was
the axis of maximum thrust and that along this axis, north, occurred
the greatest mass movement or the greatest shortening of the crust.
To the east and to the west there was lesszr movement and lesser
shortening of the earth’s surface. Whether this was because there
was greater pressure applied in the center than on the sides or
wheather there was greater resistance on the flanks than in the cen-
ter is not known. Al any rate the result is the same and there has
been retardation on the flanks. This is especially noticeable on the
west. Recalling that thz schistosity dips due west on the west flank,
west of Glover Creek, is it not feasible that the schistosity in this
particular region was swung around to dip west after it had been de-
veloped—turned about by the continued push north in the center?
It would be far easier to explain the twist, 35°, to the northeast on
the east flank, by such a movement than it is a turn of 90° west,
west of Glover Crezk; yet in either case a better explanation seems
lacking entirely.

It is only natural to inquire now into the cause of such a thrust,
which is the second question to be answered. It has been pointed
out in the foregoing discussion of the stratigraphy that many of the
formations from the Collier to the Jackfork thin toward the north,
some of them pinching out entirely in that direction, and that there
is a tendency in general-—most marked in some caszs—for thé for-
mations to become finer of grain toward the north, coarser toward
the south. These facts point unmistakably to a southerly source for
these beds.

It has also been discovered, largely by a microscopic study of the
sediments, that small quantities of feldspathic minerals and in cer-
tain horizons large percentages of these and other igneous minerals
abound in the various rocks. Several horizons of volcanic ash oc-
cur. These facts indicate just as conclusively that the source of the

sediments was in part at least an igneous and metamorphic area dot-
ted with volcanoes.

Moreover, this igneous, metamorphic and volcanic old land
must have been of tremendous size to have furnished 18,000 to
20,000 feet of material spread over several thousands of square
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miles of country. The depths of sedimznts furnished by this land
mass must have been even greater than 20,000 feet for there were
sands and muds laid over the Jackfork sandstons, which have not
been considered in this report, but which must have come from the
same southerly source, In-as-much as there does not now exist any-
where in thz south any such area as these facts indicate positively
once existed it must have disappeared. In its stead to the south
there are vast thicknesses of Cretaceous and later rocks thousands
of fezt thick. The subsidence of a large land mass where now lie

_ the thick deposits of Mesozoic and Cenozoic strata seems a good and
sufficient cause for the tirust movement.

From their studies in Arkansas, Griswold* and Purdue** con-
clude that the pressure which gav: rise to the Quachitas in that
state, came from the south, but Miser**# in describing the structure
of the Caddo Gap and DeQueen quadrangles, covering parts of the
southern Ouachitas of Arkansas-says, “In somz parts of the area tae
pressure that produced such overturning was exterted from the
north; in other parts from the south.” One gathers from the re-
ports of most geologists, including Branner, Griswold, Purdue and
Miser, who havz worked in the Ouachita Mountains in Arkansas that
the majority of the sediments at least composing those mountains
came from the south. Schuchert**** has long recognized the ex-
istence of a Paleozoic land mass in Mexico, with an arm ext:nding
into Texas and Louisiana known as Columbia-Llano. Ulricht refers
to the same old land but thinks Llano was distinct from Columbia.
Recently Misertt has critically reviewed all the evidence bearing on
this old land, bringing the subject up to date, and he concludes that
“a land area existed in Louisiana and eastern Texas during much if
not most of tae Paleozoic era and during the Triassic and Jurassic
periods of the Messozoic era.”

Assuming for the sake of argument that the thrust originated
in the north, somawhere on the continent of North America, instead
of in the land of Columbia or Llanoria where is there any evidence
of "subsidence or thrust in the north to have produced these moun-

*Griswold, L. S., Novaculite of Arkansas, Ark. Geol. Survey, Ann. Rept., 1890
vol. 111, p. 213. :

*¥Purdue, A. H., Slates of Arkansas, Ark. Geol. Survey, 1909.
¥**Miser, H. D, U. S. G. S. Bull. 660 C, 1917, p. 72.

¥#**Schuchert, C., Paleogeography of North America. Bull. Geol Soc. Amer.
vol. 20, 1910, p. 464.

tUlrich, E. O., Revision of the Paleozoic System; Geol. Soc. Amer. Bull. vol.
22, fig. 7 p. 368, 1911.

TtMiser, H. D., Llanoria, the Paleozoic Land Area in Louisiana and Eeastern
Texas; Amer. Jour. Sci. vol. 2, pp. 61-89, August, 1921,
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tains? One may look in vain for such data anywhere in th: Prairie
Plains, Arkansas Valley or the Ozarks, so it would seem. Thus by
the process of elimination also we must conclude that ‘tl}e thrust
came from the south. If there is any place in the Ouachitas th:m-
selves where the thrust appears to have come from the north it is
because there has bzen superior resistence to the thrust at that point
or because the tops of the folds have lagged behind during their for-
ward (northward) movement.

As to the time of the orogenic movement it is necessary to find
out, first of all, what are the latest sediments involw_ed in the fold-
ing and secondly to consider whether or not gradation processes
have removed or covered up any of the formations caught in the
folding, and if so to what extent. Since the Jackfork sandstone suf-
fered compression and since no younger beds are preserved in the
area under discussion it is clzar that the folding is at least post-Jack-
fork and that the answer to this question can come only by looking
farther afield. To westward and north so far as known there are
prasumably in the Ouachita Mountains (bounded on the north and
west, so far as Oklahoma is concerned, by the great Choctgw fault)
no younger beds than the Jackfork, and whether the folding north
of the fault is to be correlated with the movement which folded the
Ouachitas or not is a question which may be considered as not fin-
ally settled.

In the Arbuckle Mountains, “it is evident that the deformation
of the Glenn formation was effected at the same time as that of the
Arbuckle Mountain area and that the geological data of the orogenic
movement was at least post-Glenn,” so says R. C. Moore* who also
correlates the Glenn** with the series: Wapanucka limestone to
Holdenville shale inclusive. The Holdenville shale belongs well up
in the Allegheny series so that the folding in the Arbuckles must
have taken place at least post-Holdenville. Moore concludes that
this epoch of mountain making and erosion came in mid-Pennsyl-
vanian (Hercynian) time. The writer is inclined at present to cor-
relate this particular orogeny of the Arbuckles with the folding in
the Ouachitas, but until more is known concerning the limits of the
forces of thz compression which folded the Ouachitas the exact time
of the uplift cannot te known, positively. _

From the nature of the folding in the Collier to Stanley for-
mations inclusive in the Ouachitas which may be described in gen-
eral as fan shaped, it is clear that not only was therz great pressure
brought to bear through the thrust, but there must have been very

*Moore, R C., Folding in Southern Oklahoma Oil Fields; Bull. Amer. Asso.
Petrol. Geologists, vol. 5, p. 38, 1921.

*#*ldem. p. 34.
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great resistance to such a movement. This was abundantly supplied
by the massive thick bads of the Jackfork sandstone, some single
layers of which are 10 to 20 feet thick and together with a few
shales aggregate approximately 6,600 feet. This formation lay
heavily over the Caoctaw and Cross Mountains anticlinoria and sur-
rounding regions and stretched back into the interior many miles to
the north and west. It was the “cap sheaf’’ which in addition to the
Stanley shale and Arkansas novaculite bore down so heavily upon
the Ordovican and Silurian rocks beneath causing them to break and
shear and become schistose. Thz heavy ledges of Jackfork in the
rear of the mass which buckled up and gave way acted as powerful
buttresses against the push initiated by the subsidence of Columbia-
Llanoria. ‘These resistant heavy ledges, however, were not them-
selves unyielding. They too bent and in places broke, but they con-
stituted, nevertheless, the main resistance in the other jaw of the
pinchers. The eroded upturned edges of the Jackfork ~sandstone
form the high ridges farther north, some of the more important of
which are Kiamichi Mountain, Winding Stair Mountain, Jackfork
Mountain, Rich Mountain and Blackfork Mountain, also Blue
Bouncer, Walnut, Lynn, and Boktukola Mountains in the immediate
region now under consideration.

NORMAL FAULTS.

There is very little information in hand, bearing on the age
and origin of the normal faults in this region. They must have been
produced during some period of subsidence or uplift after the thrust,
but just when they were formed is not known. It is conceivable that
subsequent to the thrust movement in Pennsylvanian (?) times
there might have been a contrary reaction or settling back of the
upfolded masses accompanied by normal faulting. The Triassic and
Jurassic periods are noted for rather severe diastrophic activities
elsewhere. Pronounced faulting took place in the Appalachian re-
gion during this period and it is possible that also in the Quachitas
there might have been contemporaneous faulting, although there is
no positive proof in sight at this time for assuming that there was,
except that the Jura-Trias and the Comanchean must have been for
the Ouachita region a time of prolonged base leveling—a period of
development of the peneplain upon which were deposited the Trin-
ity sand and later formations of Comanchean age, and that subsi-
dence and normal faulting might possibly have been factors in this
process.

What seems to the writer to be the most plausible excuse for the
normal faults is the post-Cretaceous uplift which raised the southern
border of the Ouachitas 500 feet, and the central portion of the
range (Rich Mountain, Blackfork Mountain, Round Mountain, and
others) more than 2,500 feet above sea. These figures represent
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the consequent warping of the Cretaceous peneplain. Under such
circumstances at such a time normal faulting should not be out of
order. Since this uplift may still be going on the faults may range
in age from the beginning of Tertiary time to the present, yet again
there is no positive proof that any faulting occurred at any time dur-
ing this interval.

IGNEQUS HISTORY

The exact date of intrusion of the igneous matters is likewise
unknown. The carbonates have replaced portions of all the early
Paleozoics up to and including the novaculite and probably also
younger rocks, while the quartz-orthoclase pegmatites appear
abundantly and of large size in all the formations from the Collier
to the Stanley inclusive, tut more abundantly and of largest size in
the Cambro-Ordovician shales. It seems, therefore, that these in-
troduced matters came in at the time of the thrusting. The diorite
sill, on the other hand, is fractured to bits by the thrusting move-
ment and must, therefore antedate this period (the period of thrust-
ing and folding). It cuts the Womble shale, however, so must
have been intruded sometime during or after upper Ordovician.

If the introduction of large quartz-orthoclase pegmatites into
sediments to form dikes; and if the escape of vast quantities of car-
bonated alkaline and ferrugineous thermal waters .and gases from
the depths to form important replacement deposits of carbonate in
sandstone, cherts, and shales, may be regarded as dying igneous
action, one may think of the crystallines in depth as intrusives
which bored their way into the underlying foundations of the Choc-
taw anticlinorium at some previous time. The relatively early in-
troduction of the diorite sill into Ordovician sandstones may be
connected with this earlier history.
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PHYSIOGRAPHIC HISTORY
MESOZOIC ERA.

It is believed that in Pennsylvanian time there occurred a read-
justment of earth segments in the southwestern Mississippi Valley
egion involving a sinking of a vast area south of the present loca-
tion of the Ouachita Mountains in Louisiana and Texas*.

It is further believed that the subsidence of this mass caused the
uplifting and crushing of the mass of sediments accumulated in a great
geosyncline beneath the sea to the northward, producing a lofty
range of mountains of the Applaachian type. The ramnants of this
lofty range form the Ouichitas of today, and the sediments com-
posing them have been fully described on the preceding pages.
That the uplift is bzlieved to have been accompanied by 2 thrust
from the south has already been indicated.

Just how long the period of thrusting lasted is a matter of
speculation. To answer this question would demand correlation
with other diastrophic movements in adjacent areas which is im-
possible until more is known of the general stratigraphy in the Pal-
cozoic areas of the Arbuckles and the western Ouachitas; in the
Pennsylvanian area of the Arkansas Valley region; and in the Com-
anchean and Cretaceous areas of the Gulf Coast.

That the folding began as late as basal Pennsylvanian is shown
by the fact that the Jackfork sandstone, is involved in the folding
and is conformable on the Stanley. The beginning may have been
much later—possibly as late as mid-Pennsylvanian, as the writer has
attempted to show in discussing the Structural Geology; but as the
field studies upon which this report is based have not been extended
into the post-Jackfork area, he will not make a postive statement
on this point. A part of the coal measures strata of the Arkansas
Valley region may have been derived from the upraised Ouachita
Range during the very early stages of the uplift. On the other hand
the sea may have persisted over the area until very late Pennsylvan-
ian. This is a matter which will have to await further field studies.
At any rate the area under consideration, and the whole of the
Ouachitas as well, must have been land during a part at least of the
Jura-Trias.

Long exposure to the agents of subaerial denudation permitted
the reduction of the Ouachitas to a lowland of faint or moderate
relief so that with the advent of Comanchean time the land mass

#For an excellent and critical review of the literature presenting the evedence
for this ancient land, see “Llanoria, The Paleozoic Land Area in Louisiana and
Eastern Texas,” Hugh D. Miser, American Journal of Science Vol. 2, pp.
61-89, 1921,
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was in an old stage of development. In the Comanchean period the

sea transgressed the area, like a great cross-cut saw, the waves,
sharpened with boulders and sand from the novaculite and sand-
stone formations, literally cut its way across the roots of these
former majestic ranges, reducing thém to a still more subdued
peneplain. Remnants of this peneplain are seen today in the even
crested, and in numerous instances, flat topped ridges, which char-
acterize the present topography. There are water worn boulders
and some gravel on many of {hese high elevations, wicre the
streams of later times never could have deposited thzm. Farther
south occurs the Trinity sand with its boulder beds, red clays, thin
limestones, and sandstones lying across the truncated and upturned
edges of the Paleozoic strata—the saw-dust pile left by the Com-
anchean saw. The boulders and gravel on the mountain tops to the
north can be correlated with the Trinity sand deposit by projecting
the 40 feet per mile inclination of the Trinity upward to tha north
over the hills. In many instances, however, boulders and gravels,
formerly covering the upland, have slumped down the hillsides into
the present drainage lines; also there are gravels of either Tertiary
or Quarternary age (and possibly of both) in the region, which
must not be confused with the earlier deposits. Only the higher

gravels can positively be correlated with the Comanchean pene-
planation.

The Comanchean sea floor was not an absolute plain nor was it
perfectly level. Minor undulations, produced by resistant sand-
stones, have bzen noted in favorable places along the northern
feather edge of the outcropping Trinity. The shore of the advanc-
ing sea must therefore have been somewhat irregular. There were
rocky headlands, and a few large islands and archipelagoes off shore,
as shown in High Hill Mountain and Signal Mountain south of Corinne
and west of Sobol, (northern part of T. 5 S., R. 20 E., and west-
ward.) These mountains at the present time rise 100 feet or more
above the Trinity sand plains which completely encircle them. The
weathering away of the Trinity has uncovered a rocky headland
along the east side of Signal Mountain. That this clif may have
be:n formed by waves of the Comanchean sea is suggested by the
fact that there are large blocks at its foot cemented in the basal con-
glomerate of the Trinity. North of the main ridge, which forms
High Hill Mountain, 7 miles long, there are numerous small outcrop-
pings of Paleozoic rocks surrounded by Trinity, showing that pene-
plation was not complete in this region and that archipelagoes ex-
isted. Certain other mountains (for example Williams Mountain
insec. 35, T. 3 S., R. 26 E. and the high points in secs. 24, 25, 35,
3o, T, 28, R. 25 E.) are certainly monadoncks on the Comanch-
can penzplain and may have been islands in the Trinity ocean.
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In Arkansas, Miser and Purdue* have pointed out that:

The gravel thins out at few places, as near Murfreesboro and Lebanon where
rocky headlands and islands of Carboniferous sandstones along the oid
Cretaceous shore were not completely buried by the gravel though they were
by higher beds.

There is abundant evidence of widespread peneplanation and
submergence of the land all over th: continent of North America
during Cretaccous times. The thick Cretaceous sediments in
Texas and Mexico and the ouiliers of Cretaceous limestones in
western Oklahoma can only mean wide spread submergence there.
The Ouachitas presumably also disappeared complztely beneath the
Comanchean sea in time, although there is no conclusive record nf
this in the region itself.

CENOZOIC ERA

The Tertiary history of the area is likewise obscurz owing to
more recent extensive erosion. There are water-rounded boulders
of large size, and patches of gravel scattered over the vallzy regions
very generally. These cannot be distinguished from the boulders
and gravels of Comanchean age in the southern part of the area (e.
g, in T. 4 S, and farther south, and not with certainty in all cases
in T, 3 S.); but farther north at elevations of from 750 to 1,000
feet they are of such size and in such abundance on the low hills and
slopes above the present drainage as to be unmistakably later than
Comanchean or Cretaceous in age, and earlier than the present cycle
of erosion; but whether they arc of Tertiary or Quaternary age, or
both, the writer does not know.

The boulders are most numerous north and south of Smith-
ville, and wezre derived chiefly from the Stanley and Jackfork for-
mations, although chert pebbles and boulders also abound; they are
all well rounded and range in size ordinarily from 6 inches to one
foot in diameter. Scmetimes the low rounded or flat topped hills
(wastern part of sec. 12 and extending north into the southwest
quarter, sec. 1, center of sec. 2, and throughout the northern part of
sec. 3) are completely covered with sandstone boulders 6 inches to
one foot or more in diameter. In this gzneral region (especially in
the northern part of sec. 3) the boulder beds are clearly not of the
present period, because they are most abundant on ths tops of the
lower hills, sparce on the slopes, and the present drainage is dis-
secting the boulder hills by headward erosion. In th2 southern part
of sec. 1, two parallel streams flowing south, and uniting in the
center of sec. 12, below, have between them a north-south, rather

*Miser, H. D. and Purdue, A. H., Gravel Deposits of the Caddo Gap and De-
Queen Quadrangles, Arkansas; U. S. G. S. Bull. 690-B, 1918. p. 20.

PLATE LXXXVII,

A. LOW WATER IN LITTLE RIVER, A CONSEQUENT STREAM, SEC.
25, T..5 8., R. 21 E.,, LOOKING FAST.
The outcropping rocks are Stanley sandstones dipping 30° N1V,

B. HIGH WATER IN LITTLE RIVER ON A RAPIDS OF STANLEY SAND-
STONE, SEC. 11, T. 5 S, R, 21 E, LOOKING WEST.
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abruptly rounded divide one mile long. This is completely covered
with boulders of red (weathered) Jackfork sandstone, of all sizes
up to a foot or more in diameter; is overgrown with brush and tim-
ber and looks not unlike a glacial moraine. Indeed the resemblance
is so striking as to be worthy of special mention, but there can be no
doubt that it is a boulder fan which accumulated on a southward
sloping surface at the foot of the heavy sandstone ridge immaediately
to the north, and which is now being dissected by modern streams.
The age of the boulder fan may be cither Tertiary or Quaternary.

From the evidence it seems clear that during the Tertiary
period the Comanchean peneplain was uplifted and the Cretaceous
sediments covering it in large measure removed, and the Palzozoics
beneath greatly eroded to form a lower peneplain in places. About
750 feet of land (Paleozoic sandstones and shales) must have been
removed at this time from parts of the newly upraised region, (T.
1 8., R. 25 .) as this is the difference in elevation between the Com-
anchean peneplain on the top of Boktukola Mountain and the
boulder fans below about Smithville. This is assuming that the
Loulder fans are Quaternary in age. If they are Tertiary then the
same amount of work was accomplished in half the time approxi-
mately. Farther south a much lesser thickness of sediments was re-
moved; in the latitude of the south township line of T. 3 S., practic-
ally none, for the (presumably) Tertiary subaerial peneplain
descends toward the south at a lower angle than the Comanchean
peneplain and intersects the Ilatter along an east-west line
passing through the middle of this area roughly in the vicinity of
Hochatown.

Concerning these two peneplains and their intersection in the
Tishomingo and Atoka Quadrangles to the west and their extent and
character elsewhere, the reader is referred to the Tishomingo and
Atoka Folios of the United States Geological Survey Nos. 98 and
79 by Joseph A. Taff. He says in part (quoting from the Tisho-
mingo Folio p. 1)

The surface of the north half of the Tishomingo quadrangle is a nearly
flat plain which rises very gradually northward and extends beyond the boun-
dary of the guadrangle. This is the plain of the Arbuckle Mountain region.
The Trinity sand, which is the lowest Cretaceous formation, outcrops along
the south border of this plain. It is the shore deposit of the Cretaceous sea
which transgressed northward and westward to an unknown distance beyond
the present limit of the Cretaceous rocks and reduced the land to a surface
of marine planation. Since the Trinity sand is a soft rock it is being removed
so rapidly in comparison with the wear of the hard rocks that considerable
areas of the Cretaceous plain are exposed before it is appreciably defaced.
The exposed border of this marine plain continues along the outcropping

PLATE LXXXVII.

A. A VIEW LOOKING UP MOUNTAIN FORK RIVER A’I‘ T -

FOURTH MILE SOUTH OF THE N, 14 COR. SEC. T HE SFORD O\IEFE

The large trees and some of the small ones are Whlte beech or Amenca.n beech
of rare occurrence in Oklahoma,

B A VIEW LOOKING SOUTHEAST DOWN MOUNTAIN FORK
AMONG BLAYLOCK SANDSTONE HILLS RIVER
From a point 550 paces north of the SE. cor., sec. 8, T. 5 S, R. 25 E,, showing
the river to be almost dry excepting for deep holes, in August, "1918.
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edge of the Cretaceous sediments southward to central Texas, and it extends
southeastward beneath the Cretacaceous rocks toward the Gulf of Mexico.
Northward from this bordering plain the surface of hard 1ock rises gradually
to an elevation of about 1,200 feet above sea at the northern edge of the Ar-
buckle Mountain region, in the adjoining Stonewall quadrangle. In the central
part of the Arbuckle Mountain region, ircludirg the northern half of the Tish-
omingo quadrangle and the southern part of the Stonewall quadrangle, the
marine Cretaceous plain extends farther north than elsewhere because of the
broad expanse of hard rocks composing it. ’

At the northern and eastern horders of this elevated plain of the Ar-
buckle Mountain region there is an abrupt descent cf 100 to 200 feet to the
general level of an urdulating plain of later age and broader exposed surface.
This plain has been developed generally in softer rocks than occur in the Ar-
buckle Mountain region, and the agents of erosion which have made it have
both uncovered and obliterated much of the marine Cretaceous plain north
and east of its present limits above described. Southwestward, toward the
Gulf, this plain descends approximately with the grade or fall of the rivers
which flow across it. Near the present Cretaceous-Tertiary boundary in
northeastern Texas, southeastern Indian Territory, and southwestern Arkan-
sas, it extends beneath widespread deposts of gravel and sand which, in the
high lands, rest upon this worn-down surface of ear'y Tertiary, Cretaceous.
and Paleozoic rocks. These deposits continue toward the Gulf coast and
have been classed with late Tertiary rocks. Though the plain in this region,
like its northward extension, has been more or less dissected by recent ero-
sion, yet there are considerable areas near the present Cretaceous-Ter.iary
boundary where it has been but recently exposed or is s‘ill covered by a thin
mantle of gravel. This border of the peneplain is analogous to the marine
Cretaceous p'ain described above, in that it descends towa-d the coast beneath
marine sediments. The northern limit of this gravel-covered plain is elevated
approximately 600 feet above the sea, and leading from it upward and along
the present river valieys there are remnants of flat, meandering channels
which are only slightly depressed below the gereral level of the nearly flat,
rolling plain or peneplain, and which contain deposits of gravel and sand.
Likewise along and near the Arkansas and Canadian river valleys there ave
still more extensive but similar ancient wide and flat channels filled with
gravel, sand, and siit. This peneplain stretches west and north beyond the
Arbuckle Mountain and Ouachita Mountain regions across Indian Territory.
It is inclined toward the south at a lower angle than is the Cretaceous base-
level and intersects the Cretaceous base-level in the vicinity of the Arbuckle
Mountains at elevations between 800 and 900 feet above sea. Toward the
north the horizon of the Cretaceous marine p'ain rises above the land, while
this Tertiary peneplain is now preserved in almost innumerable flat-topped
ridges and hills in the Arkansas Valley region and in the uplands of the broad
valleys of the Ouachita Mountain range. These ridges are composed of beds
of hard rock, and their generally level crests rise to an elevation approximating

PLATE LXXXIX.

K

A. A VIEW LOOKING SOUTH-SOUTHEAST DOWN " MOUNTAIN FORK
RIVER FROM THE HIGH POINT, 700 PACES SOUTH OF THE N, ¥% COR.,
SEC. 27, T. 2 S, R. 25 E.

Showing the size of the stream and the general character of the country.
Mountain Fork River is one of the largest consequent streams.

B, MOUNTAIN FORK RIVER AT THE FERRY IN SEC. 7, T. 6 8., R, 26 E,
‘WHERE THE RIVER IS FLOWING THROUGH THE TRINITY SAND BELT.
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850 feet. The higher eminences, a2 few of which rise to 1,000 feet above
sea, are usually table-like, being protected by flat, hard strata, while in lower
eminences the hard ridge-making beds are either steeply upturned or are com-
pused of thin strata. Higher than this peneplain of level-crested ridges and hills
in the Arkansas Valley region are limited areas where the broad folds in the
strata have favored the preservation of monadonck-like mountains and peaks.
The most prominent of these in Indian Territory are the Sansbois, Cavanal,
Poteau, and Sugarloaf mountains, which rise to heights of from 1,700 to
2,500 feet above the level of the sea, approximating the higher levels of the
mountains of the Ouachita and Ozark regions. These mountains occupy
broad synclines and culminate in narrow crests or peaks and are generally
isolated. The broad distribution of surficial deposits in the wide, shallow,
elevated river channels, the relation of these deposits to the Tertiary gravels,
and the almost universally equal degradation of both hard and soft rocks to
the same general level, strongly support the hypothesis that the surface ap-
proached near the level of the sea at the time of its reduction to a peneplain
in what has been considered late Tertiary time.

That the Comanchean peneplain intersects the Tertiary (?)
peneplain does not necessarily mean that the line of intersection
was an axis about which the Comanchean plain rotated, the south
part subsiding, the north part rising. On the contrary, the entire
Comanchean peneplain was deeply buried both north and south of
the line of intersection in Cretaceous times; and when the post-
Cretaceous uplift came, that portion south of the intersection of the
plains may simply have been raised less rapidly than the part north
?f the intersection. This would account for all of the observed
acts.

It is possible that this period may have experienced séme normal
gaultmg, but there is no physiographic evidence for assuming this to
e so.

PRESENT CYCLE OF EROSION.

When the old Comanchean peneplain, covered with its deposit
of boulders, gravels, sands, and clays, was upraised and tilted to the
south, the streams consequent to this upheaval very naturally flow-
ed south. These quickly entrenched themselves in the sands and
developed short tributaries presumably of dendritic pattern. Little
River, Glover Creek, Lukfata Creek, and Mountain Fork are typical
examples of the southward flowing consequent streams which, up-
on cutting downward through the soft coastal plain deposits, found
themselves superimposed upon the east-west  folded Paleozoics.
Both the main consequent streams and many of their branches thus

came to occupy superimposed courses across the hard rock ridges of
the older series.

PLATE LXXXX.

A. A PILE OF JACKFORK SANDSTONE CREEK BOULDERS THROWN UP
BY THE RUSHING HIGH WATERS IN BOKTUKOLA CREEK, 200 PACES
NORTH OF THE CENTER OF SEC. 380, T. 1 8, R, 25 E.

The outcropping ledge in the creek is Jackfork sandstone striking north-south
and dipping 15° W.

B, JACKFORK SANDSTONE LEDGES PROJECTING FROM A HILIL SIDE
AND UNDERCUT BY A CREEK, 400 PACES WEST OF THE N. ¥ COR., SEC.
29, T.1 S, R. 25 E,,~A SOURCE OF STREAM BOULDERS.
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As time went on and the Comanchiean peneplain with its costal
plain covering was raised more and more, a lengthening of the trunk
stieams at the lower ends and the introduction of n2w consequents
Lctween them became possitle. Thus one f.nds a second set of con-
saquent str:ams, such as for example: Cypress Creek, Wolf Creek,
itorseicad Creck, Yashco Creek, Yanubbe Creek, Lick Creek, and
l.ukevklo Creek; and these have enlarged their drainage basins by de-
veloping insequent branches. The sccond set of conscquents prob-
ably wes born with the latest uplift which raised th: Tertiary (?)
peneplain.

PLATE LXXXXI

AN OVERTURNED SYNCLINE IN RLAYLOCK SANDSTONE IS RFSPONSI-
BLIZ FOIL A VALLEY IN THE CTWNTER OF SEC. 35, T, 3 8., R. 24 L.
VIEW LOOKING NORTHWEST.

As the southward flowing, parallel, consequent rivers and their
dendritic (inseauent) branches cut down into th: folded Paleozoics,
they discovered parallel belts of strongly contrasted resistant and
non-resistant rocks. New streams began to eat headward along
the weak rock Dbelts, and because the subsequent streams could
work more effectively in the non-resistant materials than could the
less fortunate consequent and insequent streams superimposed
across hard rock barriers, they progressively captured more and

PLATE LXXXXIL

A VIEW LOOKING DUE SOUTH DOWN MOUNTAIN FORK RIVER VALLEY FROM THE HEIGHT IN THE EXACT CENTER

OF SEC. 34, T. 3 S,, R. 25 E.

The river swings against a Blaylock sandstone bluff on the right, flows toward the observer, thence

southeast

and

east

The ridge farther back to the right, six and one-half miles distant, is the south township

The majority of the hills farther back are of Bigfork chert, but the high points in the upper left hand corner
line of T. 4 S., R. 25 E., three miles this side (north) of which, but invisible in this photograph, is Hochatown.

against the Blaylock sandstone hills on the left and encloses in the bend a partially cleared and alluvial flat, in the center of

the picture.
are formed of Arkansas novaculite,
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more drainage developing prominent valleys parallel to the rock
structure, Thus the dendritic, or trce-like pattern  superimposed
from thz Comanchean costal plain, began to give place to a trellis,
or grape-arbor-like pattern determined by the underlying structural
features. ) _

Today the process is very incomplete and the result is a curiously
composit drainage pattern, combming elements of two distinct
origins,  Some of (he best examples of subsequent strp:uns are ang'
Creek, which flows into Little River from the east sid2 below Rin-
cold; the headwaters of Becch Creek in the north, and numerous
unnamed branches in the central part of the region, all flowing on
soft rocks between the resistant formations. These in turn have
tributaries (obsequent and resequent) flowing oﬁ_ the mountain
ridgas, which are usually very short, V-shaped ravines and gorges,
in a youthful stage of development.

None of the streams of this region, nor any part of the Oua-
chita Mountains for that matter, have reached old age. Certain
sections of the largest rivers may be said to be in a condition of late
maturity, but the majority of all the streams are in the c0nd1.t10n of
youth or early maturily, characterized by steep gradients, rapids and
boulder shoals, V-shaped rocky vaileys, and in some instances, nar-
row alluvial margins. The upland over most of the area is in a
mature state of dissection producing rugged mountains; but the
southern part is in youth and the evidence of the southward tilted
peneplain is especially clear. . o

Miser and Purdue* refer to this youthful portion in Arkansas
as “‘a dissected piedmont plateau 15 miles wide.”” Geo. Otis Smith
in replying to my letter in regard to a change of name for the
Quachita Mountains (bottom p. 30) says, in part, under date of Fcb-
ruary 28, 1920, that:

The subdivisions of the Interior Highlunds, as they are to be used by the
U. S. Geological Survey, are as follows:

{Springﬁeld - Salem plat-

J'Ozurk Plateaus eaus.
3 Boston **Mountains”
Interior Highlands____. Arkansas Valley 1_ .
Ouachita Mountain [ Quachita Mountains
region | Athens Plateau

*Miser, H. D. and Purdue, A. H. Gravel Deposits of the Caddo Gap and De-
Queen Quadrangles, Arkansas; U. S. G. S. Bull. 690-B. p. 16; Asphalt De-
posits and Oil Conditions in Southwestern Arkansas, U. S. G. S. Bull. 691, p.
271; Miser, H. D., Manganese Deposits of the Caddo Gap and DeQu=en Quad-
rangles, Arkansas, U. S. G. S. Bull. 660-C. p. 64; and elsewherae.
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The terms Arkansas Valley, Ouachita Mountain region, Ouachita Mountains,
%md Athens Plateau, as they are to be used according to the recently adopted
classification, are physiographic terms for the reason that these areas are not
everywhere clearly distinct in their topographic features. The limits of the
Arkansas Valley and the Ouachita Mountain region in this classification would
correspond with those used by Taff in the Tahlequah, Muskogee, Coalgate,
Tishomingo, and Atoka folios, in Part 2 of the Twenty-first Annual Report, and
in Part 3 of the Nineteenth Annual Report. The use of the term Ouachita for
t"¢ mountainous region 'of west-central Arkansas and southeastern Oklahoma
also accords with the decision of the United States Geographic Board. The
Ouachita Mountains comprise the larger part of the Quachita Mountain re-
gion and the Athens Plateau comprises only a small part of it. This plateau
which is so named from the village of Athens, Howard County, Arkansas, is a
belt of country about 15 miles wide lying between the QOuachita Mountains
on the north and the Gulf Costal Plain on the south, and extending from near
Arkadelphia, Clark County, Arkansas, westward into McCurtain County, -
Oklahoma, where it ends several miles west of the State line. The north-
west boundary of the plateau in the Lukfata quadrangle which includes a part
of that county runs north-northeastward from a point on Mountain Fork
River in the southwest corner of T. 5 S., R. 26 E. The southern border of

the plateau in that area runs eastward through 2 point 2 or 3 miles north of
Eagletown.

The Athens Plateau as defined above extends westward to the
breaks to Mountain Fork River where it ends. It is quite a useful
term and is a physiographic unit founded on th: fundamental prin-
cipal of genesis of the particular region. There are two other sim-
tlar regions farther west which deserve special designation and for
the same reasons.

The first is the entire, roughly circular area comprising about 75
square miles bounded on the cast by the drainage basin of Mountain
Fork River; on the north by the drainage basin of Cedar Crezk; on
the west by the drainage basin of Glover Creek; and on the south
by the Gulf Costal Plains. It is an upland in a youthful stage of dis-
section drained to the south by Lukfata, Yashoo, and Yanubbe
Creeks, named from west to east, and also in the order of their im-
partance. It is proposed to name this area for the largest creek
which flows across it, the Lukfata Plateau, which is also the name
of the quadrangle covering this area.
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The second is a roughly rectangular area of about the same
size as the first bounded on the east by the Glover Creek drainage
system; on the north by Long Creek Valley (might as well be ex-
tended to Terrapin Creek valley); on the west by the breaks to
Little River; and on the south by the Costal Plains. This area is
likewise an upland in a youthful stage of dissection, drained to the
south by Cypress, Wolf, and Horsehead crzeks named in order from
west to east, and it is proposed to call it the Alikchi Plateau, nam-
ing it from the deserted village of Alikchi (sec. 35, T. 4 S., R. 21
E.) for which place the topographic atlas sheet for this region was
named.
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